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TO 



THE FELLOWS AND MEMBERS 



OP THE 



ROYAL COLLEGE OF SURGEONS OF ENGLAND, ^ 



THIS EDITION 



OF HUNTEB'S POSTHUMOUS PAPERS, 



THE PREPARATION OP WHICH TERMINATES THE EDITORS 



LABOURS IN MAKING KNOWN THE THOUGHTS AND WORKS OP 



THE FOUNDER OF PHILOSOPHICAL SURGERY, 



IS RESPECTFULLY DEDICATED. 




It waa known to some friemU of Mr. Clift, F.R.S., Conservator 
of the Museum of the Royal College of Surgeons, that, during the 
periwd between 1793 and 1800, when he had sole charge of the 
Htinterian Collection and Mannscripta, he had copied some pro- 
portion of the latter before they were removed from the Museum 
in Castle Street, Leicester Square, by the Executor, Sir Everard 
Home. 

Of this fact I first became aware when engaged in preparing the 
'Catalf^uc of the Physiological Series of the Iliinterian CnHection 
in the Museum of the Royal College of Surgeons,' having then 
received from Mr. Clift transcripts of MSS. containing Hunter's 
schemes of classificatioa of animals according to the Heart, Brain, 
&c., printed in the third volume of that Catalogue, 1835, as from 
"the Copy of a Hunterian Manuscript in the poseession of Mr. 
Clift," p. v; and, subsequently, copies of Mr, Clift's transcnpts of 
Hunter's "Experiments on the Impregnation of Ewes," "ib. of 
Sows," and " Observations on the Humble-bee," which are printed 
in the fifth volume of that Catalogue, 4to. 1840, pp. 38, 131, 
and 135. 

A short time previous to Mr. Cliffs decease, he placed in my 
hands the whole of his transcripts of the Hunterian Manuscripts, 
with an autograph statement of the important fact ; and a ' Note ' 
respecting those MSS. which will be found in the Appendix B, 
p. 497. 



ADVERTISEMENT. 

Thtiy were much more numerous than I had anticipated, and 
included copies of most of those MSS. which are specified in Mr. 
Clift's evidence before the " Medical Committee of the House of 
Commons" {Appendix B). 

Afler Mr. Giift'a decease 1 proceeded to classify the Subjects of 
the MSS.; to prepare ' prcsB-copiee ' of them; to determine the 
Species of animals therein referred to, and especially of those of 
which Hunter's 'Notes of Dissection' were thus preserved; to 
compare the descriptions of structures in those notes with the 
Freparations in the Hunterian Collection, in order to refer to the 
preparations of parts of animals which are described in the 
.Anatomical MSS., or which relate to propositions recorded in the 
Physiological Essays. 

Where the number only of the Preparation is given, as at vol. i. 
p. 20, or where the abbreviation " Fhye. Series " is added in the 
foot-note, it refers to the " Physiological Series of Prepai-atioua in 
Spirits," as numbered in the "Descriptive and Illustrated Cata- 
logue " of that series, 4to, 5 vols. 1833—1840. These Preparations 
are now (1861) arranged in the galleries of the 'third' museum of 
the Royal College of Surgeons, Lincoln's Inn Fields. Where 
Huuterian specimens in other series are referred to, the name of 
the series or its Catalogue is added, as ' Osteol. Series,' ' Scries of 
Monsters,' ' Dry Prejia rat ions,' ' Catal. of Fossils,' &c. The numbers 
of the Osteological specimens are those by which they are referred 
to in my " Descriptive Catalogue of the Osteological Series," 4to, 
2 vols. 1853 : those of the Fossil specimens, as at pp. 314, 317, vol. 
i., are the numbers iu the " Descriptive Catalogue of the Fossils," 
4to, 3 vols. 1845, 1854, and 1856. 

Explanatory Notes have been E])aringly appended. I believed 
that the Physiologist, Anatomist, or Naturalist might prefer to 
frame bis own explanation of phenomena alluded to, and would be 
able to make his own comparison of Hunter's views with the 
present state of science. 

The Editor's notes are distinguished from Hunter's by being 
placed below the line, within brackets, and by having numerals 
prefixed instead of the usual marks of reference. Those by Mr. 
Clift are marked by bis initials W, C. The parentheses of Hnntcr 
are bracketed thus ( ) ; those of the Editor thus [ ]. 



ADVE11TI8EMENT. VII 

Save in the cast of grammBtical error, or some very obvioux 
omission, which has beeu eupplied iu the brackets [ ], I have rarely 
meddled with the text : it is here and there obscure enough to teat 
the acumen of a skilled logiciaa to decipher the sense. But it is 
always a matter of interest to endeavour to make out the meaning 
of 8 deep and original thinker ; aud different minds, unbiassed by 
any suggestion of the Editor, may be induced to give their views of 
Hunter's meaning, and their opinions of his conclusions. It may 
be interesting also to some, standing on the vantage ground of 
seventy years' progress, to know what such a self-taught philosopher 
did not know on the subjects he grappled with : and a small pro- 
portion of the present writings of Hunter may chiefly serve to illus- 
trate his mental peculiarities and shortcomings. 

To those who are conversant with Hunter's style, other testimony 
of the authenticity of the present writings will he superfluous : and 
it has seemed to the Editor that the requirements of science would 
be best met by presenting these writings ' pui-e and simple/ as 
Hunter left them. 

With the exception of the very small proportion, of which the 
subjects are noted iu the ' Table of Contents,' or in ' Appendix B,' 
they are now for the first time published. 

That Mr, Clift bad himself contemplated their publication, is 
probable from the annotations which he had himself appended to 
his transcripts. These are given, with his name, in the present 
edition, which is, indeed, the fulfilment of his last wish on the 
Buhject. 

Mr. Clift's oi-iginal Copies of the Hunterian Manuscripts have 
been deposited by me in the " Library of the Royal College of 
Surgeons," in order that my additions or alterations may be tested, 
and involuutary omissions or en-ors corrected. 

Some may wish that the world had never known tbat Hunter 
thought so differently on some subjects from what they believed, 
and would have desired, him to think. But he has chosen to leave 
a record of his thoughts, and, under the circumstances in which 
that record has come into my hands, 1 have felt myself bound to 
add it to the common intellectual property of mankind. 



Vlll ADVERTISEBIENT. 

The Portrait of John Hunter, the frontispiece of Vol. I., 
is from a bronze medallion, executed in 1791, liberally presented 
to the Editor by Charles Hawkins, Esq., F.R.C.S., Inspector of 
Anatomy. 

The Facsimiles of the Hand- writing of Hunter and Solander, 
the frontispiece of Vol. II., are from the original Hunterian MS. 
on the ' Vegetable Economy,^ for which the Editor is much indebted 
to Edward Rushworth, Esq., nephew and executor of the late Capt. 
Sir Everard Home, Bart., R.N. 
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OBSERVATIONS ON NATURAL HISTORY. 



Introduction to Natural History. 

Ult ideas of the &ist formation of the world, of the prodaction anil 
distiiictiona of rcgotables and animals, -and of the alteration which has 
tnken place in the course of time, can only arise from observation on 
'file present 8tat«, or &om history, of things. 

As to History, the Sacred Wrirings, which are probshlj some of the 
aorliest, give us an account of the beginiung of the world and its pro- 
Dut OB MoKes derives his authority from powers we cannot 
fedmit into natui-al causes and effeots, we must leave the first formation 
ef things, and take them up as formed. 

However, if we were to take up this subject as it now appears, and 
apply that to what is past, we should deceive ouraelvos, for time is 
niitinnally producing changes. 

It must be confessed that in &[oscs' account of the boginmng of the 
vorld and its productions there is something classical or scientific ) for 
be divides the labours of the Six Days very naturally. The first two 
days were employed in the formation of the globe, and eveiything 
rolatiilg to it. Then on the third day the earth brought forth grass, 
ftc., yielding .iced of its own kind. On the fifth day the watcrK brought 
fariii fish and fowl ; and on the sixth day the earth brought forth the 
beasts of the earth ; and last of all Man was formed. Now thiu is a 
BAtural rise or progreHidon from the most imperfect to tlio most pci-fect. 

Uooes has been [more] partii:ulur in his account of Man than of any 

the other trontures ; but. from him, it would appear that only one 

■n was formed in the supernatural way he describes. Yet, from the 
are naturally led to suppose that thi'ro were more, either 
Ineed. or existing at thiit time, a? Cain went tu another psrt of tlie 
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globe and got him a wife; he was also afraid of being killed by 
etrangers on being turned out. 

The same history brings ns much nearer, viz. the Flood ; where it is 
podtively asserted that every living thing was drowned, except aeven of 
each species that were clean and two of every sort that was unclean*.. 
And likewise that there wore but one man, his wife and offspring 
saved. Later historians have thrown but little light upon this subject, 
and many have only endeavoured to make the present appearances dash 
with the account given in the Old Testament. 

Man is bom or comes into the world ignorant ; hut he is (uraished 
with the senses, bo as to be impressed with the properties of things ; by 
which means he gradually, of himself, ao^juires a degree of knowledge. 
But Man goes ferthcr, he has the power of recei%Tng information of 
things that never impressed his senses : and, ii' he has that power, it is 
natural te suppose that one Man has the power of communicating his 
knowledge of things to another, each giving and tweiving reciprocally ; 
which we find to be the case. 

And it must also follow, in a connected series, that the mind is 
capable of connecting wgus or types of things with the things them- 
selves, so as to form in the mind a sometliing similar te an impression 
on the sense to which the sign or type refore, called an ' idea.' If this 
was not the case, knowledge would never increase. 

This of signs, although natural in themselves, yet are arbitraij in 
their modes, therefore varies ' : by which means, knowledge is in some 
degree preserved, and by which means it increases ; which leads the 
ruind on further and further; and which, as it were, leads the mind 
into the study of natnral things. Therefore, the study of Natural 
History is an effect of con^derable advancement in cii'ilieation and in 
the cultivation and improvement of natural things : and, therefore, the 
study is posterior to those advancements. 

Men, at first, hardly considering those things which were the cause 
of their eensations, therefore were guided by instinctive principles, and 
a kind of habit arising out of practice ; for civilisation, cultivation, and 
improvement took place at first by slow and almost imperceptible 

■ The idea sflixed to olmn uid unclcBn ncre thoie thai wdk ratable and thoM 



' [The following ii an aKiMipt to make th« nwaning olaarar in Um above charac- 
teriitic nampte of Huntor's ooouianal obwurilj : — 

"Thia (subjvct or (ftlem) of ago*, [wliich aigni] alUioi^gh nitural in tluHnarhe*. 
jcL »t« arhitrary in iheii" modea. Ilicrufcire varioa," Aliiiout'h why on unvarjlng 
((jitflni of )[ioksn orwritten)figniorulM>. miglit nolhamcrvridari well ■«■ varjriiig 
unc. (or tin- pniserTMion and trarj*iiii»ion of kiiowlnl^ ii nut rrrr B|ipiii*iil ) 
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dGgreea. Men, then, hardly conaiJering what they did know, because 
perhttpB they know but little in proportion to what they aaw. tlio 
transition from one improTement to another wiu gradual ; whereby 
they almost lost sight of the past by itfi having bL-vome f«miliftr to 
them ; and they had not the means nor the dispo/dtion to reuord it 
brther than by narratiou, whiiih is called ' Tradition.' 

As cultivation niakes conuderable changes and improToments in 
Dstiiral things, (tnd as, from the above reasons, we are in a great 
degree ignorant both of those improvt'ments and their cause, it becomes 
difficult to know what these improvoroonttt ari; and to account for the 
causes of miuiy appe^nuiccs now existing, or to know with uny degree 
of certainty what [natural things] were original and what are still 
original, Til. what has not undei^no any change Irom cultivation and 
what has. For it is evident by dossing nature, and so by bringing 
things into their ultimate class, viz. species, that there is in a great 
nitmher of species a considerable variety in the same : and, from this 
Tniie^ in the same species, it becomes a doubt whether they were all 
original, or whether anyone of them are original, or none of Ihem ; or, 
if any one ho original, whic^ that one is. 

But those improvements, &o. in natural productions can only take 
plow in vegetable and animal matt«r, those being the only matter that 
ha5 the power of reproducing itself. For the common mass of earth 
appeals to have no power of reproduction, therefore no permanent 
principle of variation : for, when parts of ^e mass do vary, it is from 
some immediate cause as a mixture of different substances, &c., which 
terminates with itself and therefore may be called accidental. 

If the study of Natural History had been coeval with its own ad- 
vancement, and hud that advancement been communicated to the world, 
as it arose, for the improvement of mankind', we should not now bo at 
n loss to account for many appearaueos that owe their birth to changes 
that have taken place in the productions of Nature by lime, of whieh 
we nre at present ignorant. But, as the advancement in knowledge 
hod gone considerable lengths before the certain means of communi- 
oMng it was known, as also what may be called a permanent mode of 
conununicntion, — and as, where those means were known yet a dis- 
potdticin [to use them] was wanting, [there being] besides, a degree of 
SBperstitioa and a bias for the marvellous, which is always introduced 
with ignorance, — it is no wonder we are left in the ignorant state we 
are in at present. 



* [li the MQdf of Naliire hid b<:«a ci 
phofm* hull been reronlc^ u thpy urcm 



cbstigm in Nfllure. snd tlioas 
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Therefore, to make up the loss as much as possible, it is incumbout 
on UB to go as tar back oh out knowledge directs ns ; to compare tbeso 
[statue of thingaj with groat care and accuracy with the present ; and 
to mark down what state things ore now in ; [in order] that ftituro 
ages may be able to account for what we ore now ignorant of. For, 
by thoip being acquaijited with what has happened within the History 
of Natural Things, the state tbat things were in prior to eiicli in- 
<]uiries — Lhose changes prior to the present — may he hereafter toler- 
ably well accounted for. 

To attempt to truce any natural production to its origin, or its first 
production, is ridiculous ; for it goes back to that period, ii' ever such 
existed, of which we can form no idea, viz. the beginning of time. 
But, I think, we have reason to suppose there was a period in time in 
which everj- species of natural production was the same ; there thoo 
being no variety in any species ; but the variations taking place on the 
Hurfiieo of the earth, each as the earth and water changing situations, 
wliich is obvious ; as aloo the change in the poles or ecliptic, whjch 
I think is also obvious. The varieties ["so producodj are but few and 
are still existing in what may be called the * Natural ' Animal. Also 
civilization has made varieties in many species, and without anmber, 
which are the ' Domesticated." 

In the study of any science, the principles of which are not univer- 
sally known or understood, it becomes not only ncceRsaiy to teach tlie 
science itself or what its |^^cjples are, but it is always nccOHsary to 
say what it is not ; for, from a want of a sufficient knowledge of the 
subject, many adonccs have bei<n blended with one another so us to 
unite them where they had no connexions, and thus [they have been] 
falsely made to appear to belong to each othei' : by wluch means it was 
difficult to soy where one principle began and another ended, or that 
there was any one principle insfparoble from onother. 

The most familiar or most known is commonly used to esplain the 
most unintelUgible. Thus, for instance, Ucchanies were introduced tii 
explain the efl'ects produced by Cliemislry. and both Mechanics and 
Chemistry (which hist was partly explained by Mechanics) have been 
introduced as the cause of many of the operations both of the Vegetable 
and Animal productions, in which they have not the least Khare. 

In the Natural History of Vegetables and Animals, thcivfore. it will 
be necessary to go back to the first or common matter of thia globe, 
and give its general pro]<crtieB ; then see how far those prupcrlitia arp 
introduced into the vegetable and animal operations ; or ralliiT, {n'rliapa, 
how far tboy are of use or sntmorricnt to thoir actions. 

All matters, of whatever kind, have properties common to them all. 



SATDRAt lllsTORV. 5 

by which thi-y oro foUed ■ Mutter,' as Solidity, Fluidity, Vopour, Fomi, 
Weight, so ad to bei»mc the immediate object of ths senses: but all 
Uatter has properties abstracted from those which may be called the 
specific properties by which one species of matter is distinguished from 
that of another — the knowledge of which arisfs from inTcstignlion ; 
which [properties] may be colled ' secondary,' some having cine, two, or 
more aocondarT properties, others having others, all having some, and 
many uf these secondary properties being more confined, not being 
common to uU raatler. It is therefore 'secondary properties' that in 
some degree distinguish one kind of matter from another. Two solid 
budiM may have the same solidity, form, weight, &c., yet [consist of] a 
very different species of matter from each other — for instance, crystal 
and calcareous eartli may have the above properties in common with 
each oth^, yet differ verj' much from one another in many other pro- 

Wten they are to undergo some chitnge. one will not be affected by 
any acid, while the other is totally dissolved, which becomes one dis- 
tinguishing mark between these two substances or species of matter. 
Bat, although dissolving in an acid is one characteristic of calcareous 
earth, yet it must have othera to distinguish it fi«m other earths that have 
the aame property of solution in on acid. Magnesia [t. g. m resembles 
calcareous earth], but its forming a selenite with the vitriolic actd makes 
a distinction. But, perhaps, the true character of calcareous ciirth is, 
its affinity to animal and vegetable substances, when simple ; altboogh 
this last property is not peculiar to this earth, for alkalies are endowed 
with the same. Alkalies have properties that the calcareous earths 
have not, by which they are distinguished fivm one another. So that 
its forming a selenite with the vitriolic add and its reunion with the 
vegetable and animal substances become its specific property, while ita 
solution in on acid in general was only Its specific property in the 
second degree. 

The same observation holds good respecting fluids ; for two fluids 
may have the same fluidity, specific gravity, Ac., yet be very different 
in Ihirir other specific qualidos. Water is a fluid, so is oil of turpen- 
tine, spirits of wine, Ac, but their specific properties are very different. 

Hany earths are vitrifiable, others not ; however, such as are vitri- 
flabto have other properties by which they are better known than by 
their ritrifliction or not — by which they are distinguished — the vitrifito- 
ion being only comadered as a collateral property. 

U it possible for an absolute existence to be mutable, or in other 
words, is anything that is reuUy existing changeable? I should be in- 
clined lo lif-lic\ c tliut whatever Joes exist or can exist is not changeable. 
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O/Malier. 

In the investigation of Matter it may be a questiou whether the 
thing impres^g or the thing impressed, ought to be conrndE'red firat, 
being in themeelveB coeval or ueeessanly depending on each other ; but, 
as the thing impressed uppeare to itself to he passive, and as it retoivea 
intelligence of the impressor. it is naturally, from cause and effect, led 
to the thing impressing ; nfid, when it eonaidera itself, it is an abstract 
consideration. And, in this investigution, we are to consider ouiselves 
as matter, because we have within ourselves the power of impresBing 
either ourselves or others ; therefore, ourselves appear to ourselvos to 
be matter as mueh as anything else that we nail matter. 

By matter, then, we mean eveiything that ia eapable of making such 
unpresaion as to give us some sensation, or. everything that is capable 
of affecting by some means or other our senses. This globe, with all 
its attendanta and modes of action, comprehends every material fit to 
produce such effeets. 

The universe has been divided into ' Matter ' and ' Spirit ; ' but, 
admitting the possibility of such a thing as ' spirit,' we cannot possibly 
have an idea of it, as it goes beyond matter ; beyond which we cannot 
go even in idea*. 

Matter is endowed with propertios which become the cause of our 
sensations ; for it is only the propertios iu common matter and our im- 
pressions combined that produce sensations, or the knowledge of niattor 
at all. Therefore, without sensation, no knowledge of matter would 
have existed ; and, without matter, no sensation could have existed ; 
therefore matter and our senses perfectly correspond. But our senses, 
simply, do not give us an exnet idea of the immediate impreeMon; in 
many [instances they give us] a reference only to something else, to 
that which becomes the immediate use or apphcadon of such impression ( 
and that is owing to the mode of immediate imprcstdon being invisible 
in itaelf, or being iocapable of affecting in this action any other aenso, 
and therefore is referred to another eausc. 

■ Tliia vorld faoa hceu dividrd into 'Matkr' and 'Spirit.' Mnller atnlrBclcil 
fpora propqrtioB could only ju»t etrilio our •pliant but there wotp properti™ lluil 
Mnild, in idea, be ulwl.rnctod from UiUWr, which [nbatraetioui] wnc ndlcd 'Spiril.' 
tjpirit (rut a tonielhin); aupenuldod to. acd tborofore dlMiiict from. iiiatlM'; but 
a iDore jiut id« of thne two is t« luppuse that 'Spirit' U only • prapcrt; of 
•UattCT'i. 

I [Thi> i« nn innliuire of ouii of thoM ' Hola' in whidi ITDnlcr nndaaTOun to 
mtkc mora iiiietligibla, tema idea Uie eiprvMdon of nhiali he found difficult or 

oppi-csMVe,] 
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Touch ifl prolinbly the only Bt-nse thnt is cognizable by another sense 
bwddes the immediato sensation ; and, indeed, taste may be supposed 
to ba the same ; bat taste certainly goes a step further. 

If wo see a body in motion before us. we are [led] from the habit of 
combining this motion and the impression of its touching us, to sot 
accordingly, mther by avoiding, meeting, &c. ; so that these two be- 
come the great cause and guide of most of our actions : but all this ie 
no mora than what is, probably, common to all animals endowed with 
anch senses [as ours]. Therefore Man goes further into the cause of 
sensation: finding that sight only helps out touch, but touch not sight, 
he inquires how sight is prodneed. The same in [regard to] sound : 
for, althongh touch remotely and sight immediately help us to the 
remote cause of sound, yet not to the immediato cause of the sensa- 
tion. The same [may be swdj of smell and taste. 

Titan is not sutistied with the modes only of immediate impression, or 
with the combination of sensation simply in the mind ; but he goes into 
the investigation of such masses of matter as produce these effects, 
comparing them with each other, and [investigatingj the common pro- 
pcrtiee of each as a whole, which gives us the principle of what ie 
called ' Experimental Philosophy.' Thus he considers solidity, fluidity, 
and vapour, the difference in the attractions called weight, with all the 
different properties of which it is composed. He then apphes these 
different properties to different purposes, which constitutes ' Uechanics j ' 
but that is taldng matter only in the gross. But ho takes any one 
species of matter, separates it. and considers it abstracted from our sen- 
sations : and finds that it is, or may bo, composed of a variety of such 
matters as strike our different senses in common ; and then we say 
that such is composed of such other species of matter, and we again 
combine or unite. 

Observation carries bim still further ; for he finds effects that are not 
oogniKnble by any of our senses .- therefore he reasons &om analogy, 
as in the case of that [ideal] substance [concerned in reducing] the calx 
of metals to the metallic form, commonly called ' Phlogiston.' 

He even goes further, for he forms in the mind abstract data to 
reason upon, which is the groundwork of 'Metaphysics.' 

Matter being endowed with properties which become the cause of our 
•ensations, and the modes of action of those properties being hardly 
known, these properties become the foundation of the idea of spirit, viz. 
a epedetj of intelligent quality that presides over and directs the actions 
of matter. But, as causes and effects of matter seem to be entirely 
connocted with mnttcr itself, and to be a property inherent in and 
iRsepnrable from it. and as those are becoming better known, the ' pre- 
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siding spirits ' arc iivury day vBniBhiiig, and thuir authurity Louoming 

Although ' spirit ' U a good deetl exploded from having a shure IB 
the actions of common matter, yet it is stiU retained in animal matter : 
and, most probably, bouausc the action of animtd matter is miiuh more 
estensive and has two states, — the living and the dead : and, as there 
is no differcnte in the risible methaniam between the two states, it 
was natural to suppose that there was what is called an animating or 
living spirit. 

But matter can have some of its propcrtios changed by very tri&ing 
circumstances. A piece of glass is transparent ; biit, if that piece of 
glass be split, it will become less so ; split it into three, still less so ; 
and so on till it becomes the most opaque body that can be ; and still the 
whole is composed of transparent glues: therefore, opacity in a whole 
docs not give the least idea of the transparency of its parts. 

The first and great property of matter is what is colled its ■ vis 
incrtiie ' or resistance, which produces or is the cause of many of the 
mechanical elfects of matter ; but the effect of this property is increased 
by another property in matter, vin. solidity. 

Uattor is naturally in a solid form, or its parts are united and kept 
togotlier by a property called the attraction of cohtwion. The effect [of 
this property] increases its resistance, because a greater quantity of 
matter is brought in to act upon impulse, viz. all that matter tliat is so 
iimnectcd. 

Itcsistance of matter is as the power of union by the attraction of 
cohesion and the quantity of matter so united, making one whole, called 
a sohd body ; but, if divided into small ports which are ouly in contacti 
Hu as to easily move upon one another, as gravel, Ac, then the resiat- 
aneo is as the quantity that is made to move and the friction of the 
moving parts upon one another. 

Uatter in a solid form admits of oroiy possible shape, the attractioa 
of cohesion of each part being stronger than the attraction of the whole 
to its own centre, and which may ho called centripetal attractiun, or 
stronger than the attnietion of its parts to the earth. From esternal 
shape, joined with sufficient solidity, arise many properties, when 
matter is opposed to mutter ; which liecemos the cause of all the 
mechanical effects of matter. 

But matter can have ila attraction of cohesion destroyed, so that its 
ports can be made to move upon one another, when it is rolled a fluid : 
then it has only the attntotion of llniditj'. The renistoncc of the fluidity 
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of bodies liears soine proportion to iho rewstanci.' of tho eame bo<lJcB 
in a solid fonn^f. if. tlio resistance of melted load to that uf water 
bcore some proportion t*) wlmt solid le-ad Injurs to that of ice. 

Although matter in general may be rendered fluid, yet it is an un- 
tutnial eute, and rcqiures other properties in matter to effect it. But, in 
GoniD, it is 80 easily effected, that the common operations in the generid 
Bystcm are in moet parts capable of effecting it : therefore we httvu 
that substance, ctdled watur, preserved in that state alraost everywhere 
on the globe, or easily rendered so by art. 

Fosion implies eoliditj'. If an irapulpable powder is fused it will 
form a solid when cold ; therefore, viwn quick lime i» so heated us to 
take on the proportica of a fluid, yet it cannot bo considered as such, 
because it does not become a solid on cooling, but remains a powder en 
before. 

Vapour is another state of matter where both the attraction of oohe- 
non ond the centripetal is destroyed. [It is a state dependent on a 
force] which may he called centrifi^al or repulsive ; but most probably 
ie not [due toj o property inherent in the matter itself, but [to its] 
being joined with matter which lias this power in a great degree, aa 
fire. Tho reastance of vapour is as the quantity of matter in a given 
apAce, perhaps bearing no proportion te the solid form of the same 
tuattor ; «. jr. perhaps the vapour of mercury may make os little resist- 
anoe as that of water. Matterbcingthrownlnto vopourisouly anincroaso 
of the pjwer which produced fluidity, so that the same principlo which 
produces tho one effects the other. 

All matter may be reduced to such small parta as to float in any 
medium : fur their coUeaion to that medium may be increased so as to 
destroy the power of grovity. 

Does soUdity depend upon there being no matter situated between 
the particles of matter, such an water, air, or beat ? 

We may obijcrve that in Natural Things nothing etands alone ; that 
everything in Nature has a relation to or connexion with some other 
nuturul production or productions ; and that each is composed of parte 
common to most olhere but differently arranged, Therefore, in every 
natural production there is an appearance of affinity in some of the porta 
of its composition [wiUi those of another natural production] ; and 
where there are the greatest number of these affinities or [correspond- 
ing] parts, as also the doser the correspondence or affinity between 
those of one production with those of another, the nearer are those 
[nattml productions} allied'. 



' |Tlir piineiple of 'unily of plan' sud of ' Loiiiclogou 
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This is not only in the arrangement of the different epedes of 
oonunon. matter, but also in tiie oirangemente of the same spcdes of 
mutter, which constitute the do^ng of vegetable and animal mDtt«r. 
Therefore, almost every subject appears to be composed of parts of a 
great variety of other subjects ; and, as each part of which it ia com- 
posed not only belongs to one but to a great variety of other subjecta, 
every part of any subject becomes clasaible with those various subjects 
to which it belongs. ITiis might be illustrated by aaj-thing in Nature. 
Every property ia man is siraiUir to some property, either in another 
animal, or probably in a vegetable, or even in inanimate .matter. 
Thereby [man] becomes dastdble with those in somo of his parts. But 
if one whole was in possession of a single part of every other, then it 
would be impossible to class it. But there Is no whole but possoasea 
several properties that urc j)eculiar to some others ; by which means 
wholes can be classed with each other. Thus tlie four- stomached 
animals have somewhat similar teeth and cloven feet. But as these 
[resomblanees] spin out ad infinitum, the sobject of classing, iustcad 
of bringing tilings together that have a connexion, for the easement of 
the mind, would complicate [the matter] 8o much as in the end to be 
unintelligible. Therefore, in classing of things, it ia only the great 
distingaishing parte that should be arranged. Mankind are dasaiblo 
into sizes, but it would ho vrrj' absurd to be very nice in this claaa. 

Nature, in her first formation of bodies, seems to have bcwn particularly 
careftil of forms, establishing u principle of formation in every distinct 
dassof beings, whether Mineral, Vi^etablo or Animal ' ; which principle 
becomes their future guide trom whieh.every mechanical property orisee. 
In common matter we have the different crystalliiations, which seems 
to be the most simple [principle of form] of any \ as it arises entirely 
&om the nature of the matter of which they [the crystals] ore com- 
posed ; [as, «. g.'] simply earth, each earth producing a crystal of its Own 
kind ; or, if compounded, then a crystal according to the compound. 
But, in Tiegctabtes and animals the prindplos of formation do not ap- 
pear to arise from the samu cause ; although it might with more pro- 
priety be supposed [to be so] in the vegetable than the animal : 
and therefore the different elusees of vegetable might Iw supposed to 

prened : ui well h iM npplicatioii to (.■InHiSratioD, which CiiTirr tnuunenlnl In the 
following uiom : " Deui npAcea quelconqim A'tOr* nrgiuus«« tint n^oanniremcnt 
quolquN |uinM d'oFgwUKtioD ps' IraqiuiU elln k rciMnnblniiC Ce* painis d'orgs- 
luMtion tont ix qu'oti nomine Itmrs mpporl, naturnU. Plii* iii lont nombpcm, plm 
OS ritji^orfi wntyrdnfAi.—TablcmiEl^meutairviilcrHiakiireKatttrvll^ihvininiaui, 
p. lr>. fiTo, 17fiB(An.6).] 
' [Tlir prinpiplF of " liitiriiliolo((y ' at modwn nMiiipiIiili ] 
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ariflo from this cause [vii. the natiiro of the c<)nfltituout matcrialj. 
But I rutber suspect that the true matter of which a vcgetublo is 
compoMsl is the sonie in nil vegetables, and that the differenee In the 
properties exl7acl«d Ironi them when ileud, oe giunH of different kinds, 
as oUa resisB, ore no mure than bo many secretions from them, formed 
when alive, aa we find in animals. 

When thotie forms correspond with other properties in the body, 
then they prove one another to be more nearly allied. If a uertain 
shape of spar denotes it to be calcareous, and if [it be] found ualcareoas 
upon analysis, then there is a correspondency of properties. Chemistry 
deleets this analogy : because it is only finding out lirat properties of 
matter, or sepamting the first principles from one another, and then 
saying what might be its properties in a solid form or when it formed a 
complete body from its compound : but there it leaves us, giving us no 
analogical usaiBtaaefl in either r^etables or unimalB ; because the 
coupoiient parts of either prove nothing in the compound, fis they do 
in common matter. Ve cannot say from tbe analysis of vegetable 
or animal matter, vrhat [may bo tbe] kind of vegetable or animal suoh 
matter belongs to : there wo must huvo recourse l« another mode of 
investigation. 

The reason why a vegetable of any particular kind is not detectible 
by chemistry, is because vegetables are peculiar arran(;eQients of the 
same matter, viz. matterof one kind in all, and are all reducible there- 
fore to the same kind by analysis. 

In animals we must observe the natural operations of tbe animal; 
and, where opportunity docs not serve us to observe Nature in her 
operations, we must put her in the way of [jielding the means of] ob- 
sDTving those natural processes'. Wo were probably led to the di- 
stinct seies of Plants analogically; they being found out in this way 
in the Date Palm ; and much in the some n-ay we ore led to the di- 
stinct sexes in Animals. 

It is from this universal principle that different arrangements of the 
produL-tions of the earth have been formed ; and it is tbe observing 
these affinities and distinctionH that constitutes the greater part of 
Natural History ; fonning it into a seience, beginning with combina- 
tions of tbe most distant afflnity and also the fewest in number, and 
gradually combining nearer afflaities ns [knowledge of tbe] connexions 
may arise, fixing appellations to each [combination or group] for the 
Airther benefit of mankind. In vegetables and animals such [gronps] 
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have bL'cn dintiDgiUHhcd by the terms Class. Gbhuh, Species, and rarioties 
of the Species. The first and third are easily diatinguiiihcd from each 
other, us thoy are at the grentest actual diatunce ; but it is often 
difficult to distinguish K'tween the seound and third; as also of the 
third itsulf, whether it bo a Tariety of the Siwcios or only belonging to 
tho Oonufl. ■ 

This is like the gradations of shade, the two cxtromcs having tho 
least affinity : but it may not in all cases bo so clear how far tho two 
lust in affinity nre in all their parts really distinct ; that is, it may not 
be dear what is a distinct Species of any Genus, they being so nearly 
allied in thinr affinities both in appearance and number. 

By Spocies I belicTe wo now ntean, things that have the same rela- 
tionship in their most osscutiol properties, however they may differ in 
otlieni. Animals breeding in the iiill extent of that process constitute 
the species, although thoy may differ in some of their parts or other 
circumstances ; but which [difierencos] are lees essential, only oonsti- 
tutiog a vatioty. These varieties in the some species are much greater 
in the domesticated animals than in those that are wild ; and this ap- 
pears to arise from the unnatural Ufu the domestic Hm'irmk lead, 
giving changes to the constitution so as to affect propagation. Another 
cause for it will also be, the preecrvation of, and the endeavour to pro- 
pagate, any accidental variety that may take place [in the domwtic 
animal] wliicb might be lest in tho wild, or at least not cultivated by 
human industry, this seldom biiing in mua*a power. 



Of Animal Mailer. 

Every thing in Nature is dirL■(^tly closaible, and as most things bear 
n relation to some other, sueh relationships arc also classible, and thai 
ncoording to their neamoes, 

• Speeies ' is the immediate or direct and ultimate class, and is the 
common term for an}'thiug that appt'ora to be indivisible or immutable 
(it is here tu be observed that 1 do not mejin simply spenies oF matter); 
but whieb may vary in a number uf other proiH-rties, sueh as being 
eithor simple or compound. If it bo simply nuitter, then it is strictly 
a sjteeiea of matter, and cannot in it»ulf vary but wlim mnlcing one part 
of a compound : and, if it be a com|>i>uu']. tlicii it is n pniperty of that 
mmponud orjiung out of the combinatiou tJiat forms the xpncics ; and, if 
decomposed, it is no longer that speeiea uf eom[iound, but may fom 
many. A Himplc siiocic« of matter we are probably nut ncquainb^ 
with; but many species arising fW»m coinbination we are wij] ac- 
iimiinUil with, as waler. neidj*. nlkali, &c. ; and we know the Kprcic* 



NATURAL IlISTOBY. 13 

ariiUDg fWira tiit.'ir bcm^ furtlii.-r conipoimded ; budi as forming u neutrul 
Ball, wliich lieeoroet! a spccica from ite pouuliar properlieB, 

A watch b a spctii's uf matmment for diriding time, whatever ma- 
terials it maybe composed ofj and tliough a watch is indivisible, yet it 
has relntionehipB, suoli as to a clock or a dial. The relations according 
to their iilHnity are also to be classed, which constitutes a genus ; there- 
fore we have to nvery species a genus. A ' divider of time' is a genus, 
and genem form tribes, &c. Perhaps colours would illustrate this 
doctrine aa well as any subject. There are three primitive coloura, and 
by uniting (bene by eiiuul proportions thoy appear to give fresh pri- 
mitire coloura, but which arise from the combination ; and by mixing 
thorn in various proportions all the varieties of colours are produced. 

If we conwder the vast extent of properties arising from the various 
combinations of ten numbers, or the immense variety of ideas expressed 
Ijy twenty-four letters, we must see that very few primitives may pro- 
dace a vast variety of properties arising from their various combinations. 
Although all these divisions are not applied to matter in common, yet 
they are as proper for matter at largo as for those substances to which 
they are applied. 

Animal matter is what I should call a gpecios ; not as matter simply. 
because it is probably the greittost compound we have, but from its 
properties as a combination. The genus may comprehend only tlic 
vegetable and animal [species of matter]. 

Iq ray Lectures on Surgery I began with distinguishing the difference 
between vegetable matter and animal matter, and also tlie matter of 
the globe : saying, thst common matter had undergone u very eonsi- 
doruhlo change in producing the vegetable and the animal, in which 
was not to be found a particle of any sjwcies of common mutter, there- 
fore an entire new arrangement or combination of common matter; but 
that they had spning from common matter, were supported by it, and 
returned to it again. 

This was with a view to make our distinctions in the actions of the 
body more accurate ; distinguishing with more precision between the 
actions of animals, the decompositions and combinutions of common 
matter which are chemical, and the operation of combinations of com- 
mon matter on each other, which is raeehanical. Also to show that the 
vegetable and animal had powers and modes of action totally different 
from those of common matter, either in its chemical or mechanical 
operations, and which depended upon their combination with the living 
princiiile; the whole operations of Nature appearing thus to consist of 
d chain of four links. 

I obs<-r\*eJ thai animals were formed from and supported by v^ctable 
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imd aniiniil matter ; that the vegetable van formed from und suppurtcd 
by the matter of the globe, as a medium between the globe itself nnd 
the aniraala ; for without the vegetable the land animal eoulii not exist. 
But, in the waters, more especially the sea, the more interior ordere of 
animals are the support of the more perfect, answering to the vegetables 
on land ; and being well adapted to that ofSi.:e, the more perfect [sea- 
animals] being larger and fewer in number : and, as water alone appeared 
to be capable of supporting a v^;etabIo, I observed, that water was the 
intermediate medium between earth and vegetable. There is great 
reason to suppose that water may be converted immediately into animal 
matter by the animal, and that air is only necessary for the completion 
of unimiil matter-, let it be formed from whatever materials ; therefore 
air is nut necessary simply as nourishment, yet may be added to it to 
complete it. 

As water appears to bo capable of supporting both the vegetable nnd 
the animal, but more particularly tbe vegetable, but the animal ulti- 
mately through the vegetable, it must be supposed to be as great u 
compound as any substance whatever that lias no water in its composi- 
tion ; yet, to appeoi'anoc, water is the simplest ; but it mitat be of itstilf 
a compound of every species of matter into which we find it capable 
of being converted. And, a vegetable or an animal being formed out 
of it, proves it. For, there must be in water all the materials for 
fonning either a vegetable or an animal body ; and, [in its relation] as 
nourishment to either, it can only be deficient in quantity, not quality. 

How far it is possible to make experiments that would prove it im- 
possible that anything else could go into tho composition of a vegetable 
or animal save water, I will not at present determine. If wutcrfissuch] 
a compound, then Chemistry, we might suppose, could be so applied as 
to produce out of it all the different substances wo find in cither vege- 
table or animal matter; but I should be inclinable to imagine that the 
same variety of species of matter, when combined in one way, would 
give a very different result when combined in another; and ^-egetablm 
and animals formed from water would give very diflfercnt results from 
cliomiMil anulyMs. 

Tho lati' experiments in Chemistry have gone far to onalpe water, 
even to form it ; for, from Mr. Cavendish's experiment, it would appear 
to be comjHWed of common and inflammable air. the [iruportion of com- 
mon to that of inilommable being as one to two and one-fourth*. 

Theae oombinatiuns of matter form species having specific names 
given them, as Wood, Brass, Clay, &o,, to whicli nothing can be added 

• Phil. Tnm. Tnl. Uxiv. part 1, p. 110, ITH fwliinh glioo. thnt ll>it MS. wa* 
wnllFii mriilii tm jrnn nf HiinliT'i ili-nlh.] 
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but what goee naturally into tho compoaitiun, to make tliem more [lorfect 
as a species of matter ; for, if it [tlie boily not naturally u constituent] 
onital with the combinution, it would then alter the epetucs. 

Solution comee the nearest to this idea i it is a union of two spocies 
to make a third ; and, however compounded [tho species of matter may 
be J, yet they unite as two epoifies: which is cithur by solution or 
fusioii. But all bodies will not faac and mix, they must have u relation ; 
perhaps such only [will fuse or mixj us constitute a genus. 

Thus, if we make salts a genus, two species will mix and retain tho 
general pro]>erty of salt. If we moke metals a genus, they mix or fuse, 
retaining the property of a metal. But species of two different tribes 
will not fuse, excepting to produce u very different compound, such as 
gloss; and this requires much more violence than the union of two 
spedes of the same genus. 

Glaas by this means beeomoe a speoies, although we know it to bo 
mode up of several species. Therefore, in any species of matter, 
allhough compounded of a variety of diiforcnt species which were 
themselves compounded, the compound from a new combination may 
become a distinct species. There cannot be in the xpocios of glass now 
formed a single part as a species of any of the species of which it is 
composed. For instance, neither calcareous earth, clay, or fixed alkali 
is to be found [as such] in glass : they arc all decomposed [and the 
chamcterH lost] on which their species depended. Nor Is calcareous 
otrtb, clay, iron, or volatile alkali to be found in animal matter, till 
aft«r this is decomposed, and they then have combined ai^ such ; thorefora 
such is not in animal matter. A piece of animal matter is wholly dis- 
aolvsblo in a caustic alkali ; but, if that animal sulmtance is analysed, 
parts of it will not dissolve ; or, if allowed to putrity, parts of it will 
not dissolve ; therefore it is its combinations that give it the properties 
of solution. Sulphur is not soluble in water; but it becomes so when 
compounded with on alkali. Oil the same. 

A block of marble gives us a figure when cut out ; but we cannot 
find a figure till cut out : the %ure arose from the hand of tho statuary, 
CBlcareoQS earth, therefore, is not in animnl matter; but it can bo 
decomposed out of it, which shows calcareous eurth to bo a compound : 
nor is cdcaTcons earth or clay to be found [as such] in glass. However, 
wc have bodies compounded of different species of matter, as above 
deflsed, mechanically mixed, having a specific name to be known by, 
snch as bottt. .\ bone is composed of two species of matter — calcareous 
earth and animal matter. Therefore a bone is not a species of com- 
bination of matter, but is composed of two [snch species]. 
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Animais and Veyetabies, Comparison between. 

It ia a ctimmon observation that there is u gradual change from tin- 
most perfect to the most impcrl'ect animal. Uou b given as the moRi 
perfect ; but which is the most Lmperfoct is hard to say. They havy 
corned this still further, and eay the change is continued into the vege- 
table; bnt thuy are not iletermined wbcro the animal ends and whi^rc 
the Tegetablo begins. However, if there lio any justness in the obser- 
vationa, 1 should imagine that this might be determined by careful 
observatiiiu to find out ubsoluto principles peeuliur to each ; for, in lh<! 
Animal Kingdom, each distinction differs aulllcicntl,v from that nearest 
to it to det<!rmino to which it belongs, and the same thing with regard to 
the Vegetable Kingdom : so that if the change be ei|ual, it will be easj' 
to fix on the animal and on the vegetable. To dear up this point, it will 
fii^t be necessary to give a true and absolute definition of an animal. 

One great difference between the animal and the vegetable is in the 
mode of digestion. In the animal the food is digested or animahxed in 
the stomach, and afterwards absorbed and taken into the common mass 
of juices. This bthe great use of the stomach, viz. to animalizo all 
digestible substances for the future nourishment of the animal. 

What other changes, processes, additions, or reductions it may after- 
wards undergo in the lungs, ia, I believe, not yet kno^vn. But whatever 
it be, it seta out from that point to all parts of the body ; as Ihe vi-ge- 
table juices set out from the roots, 4c, to all parts of tlie plant. But 
the ditferonco between these two is, that, in the animal the juices ani 
first animalixod, and become a moving part of the bodv, while the 
vegetable juices ore to bo considered as no pail of the vegetable. In 
the vegetable the [nutritive] juices are taken in unaltered, and are 
propelled through the canals of the plant to all the different parts, 
nmilar to the [movement of the] blood ; but whether they undei^ any 
change in this passage is not, I believe, as yet known. 

However, this juice must )>e cliangcd somewhere ; it must be vege- 
talited before it can become a part of n plant. The qnostion, therefore, 
will be, whether this juice is changed in its passage tlirongh the canals 
of the plant, so as to bo really vegetaliied before it arrives at its place 
of dtttination ? Or, whether it posses on, in ita mineral form, to its 
place of destination, and is only changed tlierc? Whichever way it is, 
there must always be a change at the jilace of destination, for there the 
different parts are formed from thwie juicc-s, whatever they arc, and 
therefore a second change must take place. 

The eirciunstanee of engrafting or inoculating would make u», nl 
first sight, suspect that the juici's are changed in <ho part to which Ihey 
arc ultimately destined ; for whatever ■'. : -- - t'. • i^ ruc7ruflrd.it 
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tUwnys continues to be of tho same kind ; so that it might be supposed 
that tho juices came to the part crude and unchanged in the part, 
and formed the addition just as they vere changed. But I am apt 
to believe that there is a strict aniilogy between tho animal and the 
Trq;etable ; for itlthotigh the Tegetabk baa no stomach to vcgetalize the 
food of the plant, jot I look upon the vegetable to be in every part 
■ stnmaeh,' and that it vegetalizes all the absorbed juices admitting of 
such alteration ; that the juice goes on to the parts of destination 
regetalized, as the blood goes on animalized ; and thut, there, each 
juice chungos according to the nature of tho part to whioh it is asHtmi- 
latod, and aecording to tho action of the parU in nbiuh it circulates, and 
the parts to bo formed. Ln the animal it forme skin, mnncle, bones. 
tcndtiu, ligaments, brain, &.c. In tho vegctublo it forms wood, bark, 
leaves, (lowers, fruita, itc. 

Vcgotablea which have only wdter to convert into their own flub- 
st&nce aro alwoys the best; therefore it is reasonable to suppose that 
water' is more capable of being perfectly altered into vegetable matter 
tfaau any other, and a certain quantity is only neeeHsarj ; for, when 
there i« too much, it is not so porfcetiy decomposed as to give all tlio 
diatinguishing marks of the plant, nor is the plant itself so fine ; its 
growth becomes luxuriant, but its matter not bo good. 

The stem, tendril, and footstalk of the vine have a vast number of 
floral threads running through their substance in the direction of these 
parts. The sensitive plant has the same kind of spiral threads, but not 
BO many. Thi> way to know the above is to break the plant more than 
balf-way through and bend the remainder, and they may be seen passing 
between the broken parts. 

AaiinaLt and vegetables hare two different irritations ; one in in- 
ttimal, arising trom circumstances within the machine ; the other is the 
property of being affected by external stimuli. 

Vegetables have a degree of sympathy ; for, if a branch is cut off, 
the whole plant suifers ; and this much more in some than in others ; 
tbcrefore gardeners say that such a tree cannot bear the knife'. 



1 plater alone is inmfllcieiit : it must contnin itmoppheric air in solution, sndchn^t 
muit be accns of carbon to tlu plant ; that ithich the wsler ountnins in eoludan and 
whioh is ((erived from decoying vegeiablo and imima! siilwIanceB, is peculiarlv Bdaplfd 
to nourish the plutt, and conatiluWs ffrtility of soil, Solta. carllis, e'en silica, ara 
bald in solution and thus token into the 9<r>tem of tlie plant to b« thera disposed of. 
VIm inpcrituous water is exlialed from the porvs or tfomo'ii of the leaves, the oxyjten 
of tha carbonic acid is. durbg dd^Iight. ctolr«l, nud the chii<rniKleria]B of tlie plsnt 
art detained, Creed frum llie impurilics villi wlui^)i it uos blended when absorbed 
bytherools,! 

' [TIm- Hmdnlion in Chrliilomvm. ohnervslil.' in Ihr vei«-b rnntaininR llic milky 
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Vegetation apiH>tir8 to be the easiest transition from common matti-r; 
(or it ia siippoi-tod by common matter, or it haa a power of converting 
common matter into its own kind. Animul matter appears to be a 
second remove from eoromon matter ; for it cannot be continued or 
eapported by common matter, tlieretbre it is obliged principally to tlie 
vegetable ; however, it is often dependent upon itself [or matter of its 
own kind for nourishment]. But these lost [or the eamivoroua animaU] 
arc few in eomparison to the others, and ivithout the other resoiireo 
animals would annihiluto themselves. Let U8 reckon the whole animal 
creation as throe ; two parts of the aniranb \i\e upon vegetuliles, and 
the third of the animals live upon the two other parts : in this way the 
three are atill preserved. 



Of the Similarili/ of the Vegelahle to the Ammal xn the Circumstojue 
of Er^raftiag, 

Animals and vegetables in this respect arc exactly similar. For 
example, a part nf an animal is engrafted upon another ; that part does 
not in the least partake of the part of the animal it is engrafted tipon, 
hut keeps the original dispoaition and continues to grow exactly as it 
would have grown if it had not been removed from ita original stock, 
The same thing attends a vegetable. 

In many things animals differ from vegetalilos ; viz. a part of an 
animal ia truly a part, but the part of a vegetable is a whole ; for every 
part of a vegetable in general is a whole ; therefore a vegetable that 
is engrafted, not only continues to grow in the same manner that it 
woTild have done, if it had never been removed, but is a perfect tree. It 
not only forms its own leaves after its own kind, flowers of its own 
kind, fruit after its own kind, but it is also capable of producing seed, 
which completoB the tree. In the last [property] it differs from all 
those animals which produce their young from seed. 

As a v^etable is a perfect plant in every point, evciy point is capable 
of producing what the whole is capable of pmdueing ; but tliis is not 
the case witli an animal. An animal is n compound nf parts totally 
dlQcrunt in their scnsatiens, stimuli, {lowers, and usm, ttoxa one 
ftnothcr; each port doing one ofBcc and no more, and all obliged to 
one source for support and sensation. Their sjvei'ifte stimulus [is] 
within themselves; or their sjieciJio etimiili, and the powers and 
operations arising therefrom, ore [MCTcrally] within thcmselTco. having 
no connexion with any [other] port of thi^ body ; therefore [a part is] 



fluid. (VHam tli« moniMit tlint the plant lin> nwrjrnl 

III [iniportion u IIk triii|icniliir(< uf llic (iliu«|ihFn- i> lii|c)i 
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icndeivd useless when seporatMl- If all tlie^ p«its had not been nuulp 
distinrt, but bad bwa hknded thrmigh the vhole BDimal, a<i Uint ^rery 
part fbnned a compound at the whole, e.^.. if everj- part formed bilp, 
emj part formed oiine and se»!roted seed, Ac,, then each part of an 
uiinutl would become a whole ; so that, when anir part was rpmoved, 
il night be cooffldored as a perfect animal. This is, in &ict, the nwc 
with nuui}r anitnols', but in other respects they are different bom vego- 
tahles. 

Ab mo!>t ■"■'"■I" have part« allott<^d for eveiy purpose, [each] to 
answer its purpose and no other, the testicles and orarin then answer the 
paqKMC of generation and no other purpose. They are parts whose actions 
are independent of all other parts of the body ; only [they are] obliged to 
the drcnlution for supplies, and to the nerves for powers of action. But 
^leir paiticulur actions depend upon themi^dve-s ; therefore, the testiclee 
and Dvaria produce the distinct species independent of the whole. 

To illustrate this with a supposed experiment : let us toko a testicle 
from a cock and put it into the belly of a gander. If it wns poflsihlo 
that the ducts could uoite so as to carrj- the avM that was sertet<d in 
that teatide to the female, the produce would be the same ns if a cock 
had trod a goose ; no that the powers of the testicle would remain the 
aanie as if they had never been transplanted, and would continue to 
aecrete the same kind of semen. The incUnatJous of tlie gander would 
not be towards the hen but towards a goose : for, although the testicles 
are the cause of the inclination, yet they do not direct these inclinn- 
tiona: thwie inclinations become an operation of the mind, after the 
mind is once Mtimulated by the t«adcle. 

Vtgetable and animai life are very similar. They oio both capable 
of being engrafted by parts that are rimilar to themselves. Wliether 
an animal could be engrafted upon a vegetable, or a vegetable upon an 
aninia] part, is not yet known'. 

Similarity in the Propagation of the Species between some AnimaU 
and tome Vegetables. 

Vegetables are not only similar tn all animals in the circuniBtunee of 
timi^e life, but are ^milor. in the propagation of their species, to some 

' [The infunary and clliop Vroiittoa ; tho Urdm polype »nd otlwr Hgdratoa, he. 
Hltnler*! prerioua propoaiLiona will be andenUxHl lo refer to the mora oonspicuoiw 
■od higher luiinials, inoglif.ating the ordiniu; idea of Uic class.] 

* [The pnnuil.ic growth of certain cryptogiDiic plniitE (c. g. Spharia) in and upon 
th* lame ot corlain iosecta, (tiling riw to the cmnbiDKtion oUeil in Nkw ?i(iiilan(l 
tkt 't»wB-o»lCTpill»r,' would be, perhaps, tho neanvt known iUiBtrsllon of ITunlcr'ii 
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rlossog of aaliuals. For instance, thoy tail Bunilar to the second clasH 
of the Otiipara', for the seed and tho eggs are the same st«p. 

Animals of any particular class have not one waj only of propagatiag 
their species (excepting the more perfect or 1st class of animals') ; for 
vre hare tho second' and even the third class' aping tho first, and 
attempting to be viviparous ; mich as vipers, lizards, and some fish*. 
We have the third class uping the second in heing oviparous, with a 
' white ' to the egg, such as [some] fish, which in geueral arc oviparous 
with tho yolk only '. the skato is of this clasa [viz. oviparous with a 
white to the egg']. 

We have animals that propagate their species by slips, and that in 
two diflferont ways ; one by a. piece cut off, the other a natural process, 
viz. buds growing and these falling off and producing a distinct animal ; 
which can only take place in animals, as only that being has the power 
of separation and the power of afterwards catching its food, which 
admits of a continuation of life'. 

Many vegetables are propagated in the satoe manner : tbc Willow is 
a striking instance of this*. 



Vegetables being eastltj ajfcded bij fmprc, 

Vegetables are vory much affoeted by extomal impressions, much 

more so than aniraala. They have their peculiar climates in which they 

thrive beat ; and there are climates in whieh they cannot live, and thia 



■ [Bj tliii H uiiMr TDMns the third clus sooordiiig lo hii ' genentire 
eloan&catifin, tu. tho FUhea which propagate bj ' ro«,* or nume 
developed egg^ of Bomll aixe. and uonsaUng ahacmt whoUj of joU. 

> [MiuinimMii.] 

■ [Tbc ' Oiipitnt ' with fever and fuccemivc]; developed ^gs, in irhich tlw ;olk 
i* aurrou^tlMl b; albumeD and defendMi b; & coltweous or ooruueous ■bell,] 

* [Tliird of tho 'gcnentiTe ayitem; ' aeuond of lliE oripuoiudivinon,] 

' [Cwtain Bhsrl*. b. g. Sm/iWcm. SjHnax : Hunlcr'i PreiiarWione, Not 3^56. 3306, 
3258, Seaaliolhi-Tiper, No. 3310; (UttlcoDalu!, No. 33IH ; Slav -worm {Angua), 
No, 3326 ; the Tiviparou* Utufd IFodaivit mvralit). No*. 33« wid 3347,1 

• [Hunler'e Prep«rstionit. Nop, 3236-3»i0.j 
' [Mr. Clift h»d»ilil«l the following note loUiiipMMgp:— "Mr. nuiitnrw«»iiol 

Rware that eomo pl*nte hove joung plant* whidi grow from tlw wprWtd edge of ■ tLirk 
flechy leaf, and, wbm the leaf eepanilm from the tree, It faJln to tlic ground, but 
nouriahea tbejoung plaiita till thej atrlkaruulin the ground. Ijiurrc, thn niuiiDl' "~ 
Ana. Tlie |ilant ii the Brgi^hgtltm ralj/cinum. Salitbui? ; the Prqiaration* are 
now uumbrTMl 2£U i, B aiid C, and are ilewribud in to; 'I'hjdologioal Catak^uo.' 
vol, iv. I83fi,p.8,l 

' [A rurioui piPinpltHt'iiUou uf Hiintn-'i Hcitaiiuii to tnitli. c 
dialelji oonLraditAi liimoelf. Kit preparationa illuatratlvv of lliii prap*rty of Iha 
W>llo» are No*. 2224. Z^i&.j 
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more particularly on account of the temperature of the air. every vege- 
table having its proper temperatiire, ftnd not being able to bear mufh 
heat or cold beyond that point. They huvo tbiir particular foods', 
which ogieea much better with them than olhere : sorae arc capable of 
lining on dry ground, others on moist ; some in clay, others in sand ; 
Bomt) on stones, others in water. 

Perhaps vegetables have not the power of retaining either their 
natural internal heat or cold, which ia pecahar and proper for them, 8o 
much as animais have. Animal heal varies but a degree or two from 
the greatest crtemal cold thej- con bear to the greatest heat. That 
many animals can retain their heat in the greatest cold is verified in 
the whole of Urcenlund, The tjrog is as cold in the hottest day in 
sammer as it is in the coldest day in tvinter'. 

Of the dislmyuishii'g Marks between Vegetables and Animals with 
respect to Matter. 

Vegetable and animal matter contains the same materials, but dif- 
forently arranged and in different proportions. This is, in some degree, 
proved by chemistry ; in some degree by putrefection ; but moat of all 
by digestion. 

Chemistry is capable of decomposing, hut only in progression, in 
every stage of which a new combination takes place, which gives great 
variety ; but no one ultimate is produced &om a new combination of 
the whole. 

There is so great a similarity between the vegetable and the animal 
in many of their principles of life, that we should bo apt to suppose 
they w«« made up of the same composition of matter. There ia 
nothing in their structures that could induce ua to suppose this ; but, 

I [Hera Hunter eipreseea an imporUnt tnilb: hei^dlen apjnrently, or unMMl- 
■doiu. of ib oppoaition to his prerioiu atBlenjenta rmpecting the ^U-siifGdencj of 
•nier alone u llie food of plant*, and his nnwinings tliereupuu as to the eeseotial 
oomplejily of walCT ; aiicli suppoaed nutritivB powpr of water and the comequent 
oolnplelity of the fluid depending on the real nutritiie particle» ninlatned in aola- 
tion or flue fniapenaion.] 

' [Thi* awiTtion neither tallies iiith some of Hunter'* own eiperiments, dot with 
■nj fubeequmt one*. In liis paper entitled " Eiperimenta and Obserrstiona an 
Animali, villi rmpect to the Povter of produinng Ilpat," Eunltrr nritesi^"That 
ibe imperfect uiiinala will allow of a pancidErabli! Tarialion ■□ ^ir temperature of 
biM and cold, is proved b; tho following dpcrimimts. The thermomelcr being at 
45*, tliD bftU was introduced by the mouth into Ibe stomach ot a frog wbieh bad been 
OpiMBd to Lhii same cold- It rose to 49'. I then plaCDd tJie bog in an aliuoapbon! 
nude warm b; heated wiit«r. wliere I allowed it to itay twen^ minutes ; and upon 
introducing the ihemiomrter into the stomach, iC raiwNl thu quickmlver to 04° " — 
Pbfl. Tniiia. vol. liv. (1775).] 
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in niiuiy oi' their oporutions and notions, thpy would nppcar to be 
80 nrarly allied as to make it reusonatilo to suppose ihul it was 
possible, ei-en probubic, for them to be composed of the same mat«- 
riula. But these actioua are not aiifficient for ua to form our judR- 
mrait upon [this question] : wo must take every circumstRni^o into the 
aecoiint before we eon determine [it]. Perhaps the mode of invea- 
tiguting this matter is not to depend upon active principles, or the 
piinciplc of life ; but to consider the matter of both [vegetables and 
uniniiils] when tboy are dying and when dead. In the first they may 
show n peculiarity, and in the second they can both be considered 
only us matter. 

Cliemistry was, perhaps, Ihe first mode of JnvestigatJoa : but that 
stience only considered them in two Ugbta, viz, spontaneous chongee, 
and those produced by fire ; and, perhaps, the common modes of ana- 
lysation by <'hemioiiI prooesses have already gone as far as it was pos- 
sible on Ibis subject : nor was even chemistiy cmplojod to observe the 
similarity between the two substances, but to find out the products of 
each ; wbicli, of course, gives us the similaritj- and dissimilarity of the 
products. But, to prove the one or the otbei'. a thousand experiments 
might bo made which woiJd tend to tlirow some light upon this subject. 

I shall first consider what happens to both in the act of dying. 
When an animal dies it soon becomes stiff; this arises from the raus- 
cidar fibres contracting in this act and not relaxing again ; besides 
which, all the juices coagulate, which increoses tlic rigidity. It con- 
tinues in this state till putrefaction begins to dissolve the whole. 

When a vegetable dies it becomes immediately flaccid, and lose« tliat 
brittleneas or crisimesa which a living vegetable has'. However, this 
can only happen to those whose texture will admit of it, for the woody 
part of a vegetable is so firm in its texture as to be little affected by 
death : it is like a bone in an animal. Most of the dreolating juices of 
an animal eongulate, each by its different jirocess : some by standing 
dther in or out of the circulation ; others by beat, alcohol, acids, &o, ; 
excepting the red blood, which admits of being mixed with a!coholf . 

The juices of plants in general do not congiiluto by any process yet 
luiownj. They readily dissolve or mix with alcohol, by whicli menus 

* Miray diihiiwnre* kill rcgrtablw tooner llian oiliors : vmpgtr u imc 'nicmftirft 
tho» »liu kno* bof to iniilie b auliid wUl nurer tnii tlm Tinepir IJll (ho wind ta jiu.t 
going to be nilMi. Till* riTort might tw •iip|.owil to bo Uko «ii onimiil Iring VIUhI 
l^ «l«tridly irr ilgttning; but I oui only nj OMt »b h«TO nol an itiiuiuw of • 
«(^rtabl<! boooming rigid hy dcBlh in ■nj wnj- 

t Tt i* to be undiTiitood I iipntk of »«tj trwh «um«l juio». ftir if Uwy breomc 
pulrid l.brj will diatoltr in il- 

) CViulchoui- (IndiB-fubher) nuiir bf .ii|>i>o«d lo \x ui rxroptiuii U> itii.. 
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wo have all Ibo ' Tioctures ' [of the PharmacoixBia]. Thia is so remark- 
able Uiat 1 thinlf it might altw dctonnine the fuct of itself. 1 find it 
sJmoet uupiMHilj|t> tu keep the spirit clear [in iinatomieul preparatioOH] 
oven niter a iIuicd ahtftings ; and this much more so in some [prcpura- 
tjons] than in otbets. 

Certain animal substaneM retain their nativo colours in spirit the 
same after death as before; as, e.g., the shining culour ef many fishes', 
the shining surface in the bottom of a cat's eye (lapetuin)'. A carti- 
lage, tendon, &e., are as bright in spirit as when olire -. the two last are 
Dot so trans|HU-etit. from the ooogulalion tliat takes place. 

The native colours of notables do not keop in any liquor after they 
are dead ; thuj all approach to the white or yellow : but thia effi'Ct 
will take place sooner or later according as they die fast or alow. If 
they are made to die fost, they will retain their colour longer ; if alow, 
they will lose it in the iietion of death*. 

Uincrok ojtH animals give the shine to colours much more than ve- 
getables. Polished metals are the beat instances of this. Silk, some 
chiysulises, and beetles [have shining colours]. Vegetables give fino 
colours, but never polished or shiniugi. 

The more impert'ecl animals are, the more they approach towards a 
vegetable in many circumstances, if not all. The casting of hair ia 
similar to the casting of leaves : much more so is the moulting of tWIs, 
aod their debility and withered combs at the time. Tegetablcs may bo 
said to sleep all winter : and the winter sleeping of snakes is, as it were, 
living in some measure in a state of non-esistcnce. 

In their method of propagation they are similar. The egg of the 
animal is like the seed of the plants ; and the eggs and tlieir manner 
of hatching in the more imperfect aniraala are very similar. 

Of the Dependence that Vegetables and AnimaU have on each other, 
especially the laxt upon the first, bath in breeding and future mpport. 

Many terrestrial animab, and probably most so those of the Insect 

Tribe, depend very conwiderably on vegetables for their support. In 

arany of the Insects, both in their maggot and changing states, they 

not only feed upon the vegetable, but oblige the vegetable to grow 

• Cooks and piekkra sre TOrj BBiuible of thi>. 



' [Hantrrian PrqMtrationB. No. 1084.] 

* Pb, No«. 1 732. 1733. See sIm the red pignienl to pwt« of tlie «ldii of Ibo Turlirj. 
P»^fcIfofcl«8{J. I8S1.] 

■ piip. Clift lia* added Uio following Nolo:— "TUcy arc Mver «o lianl u ilio« 
rfliBing parts at ininenili and animolt. Sotae ttxia are aa briltiaut and (liiiiiiie ua 
VMiy aiMalt "] 
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Kuitublj* to their wanta. Thus the female insect aLall either stiniiiliile 
s leaf, when it lays its eggs on it, or the eggs or the young when 
hatched ehaU. stimulato the leaf to such action as shall oblige it to CD' 
close the egg or maggot, and to prepare its future nourishment while 
in the ma^ot state. For instance, the iTisect while in the maggot 
state shall live on the leaf of a tree, using it as food ; and, when it 
goes into its chrj-snlis state, it shall stimulate the leaf, which sUmulus 
shall muke it roll up and enclose tbe insect. 

Of Motum in Vegetables. 

As vcgetuhles have not progrcs^vo motion, it muat nceessarily 
happen, thut, whatever motion they have must be only a change of 
position of soma of the smaller [and moveable] parts npon tlte larger 
and fbced : waking the larger parts always the tixed. Tliis change in 
the jiosition of their smaller parts I believe arises in general from two 
cuuscs, viz. stimuli or influence, atid internal irritation. 

To undeistand more thorouglily the motion in vegetahles, we are to 
consider the vegetable itself, in most instances, as consisting of throe 
purls: one, an old almost completely formed part; the second, a new 
forming part, vin. the now circle of wood and the new shoot; the third, 
a tompoiBi^' part, as the leaf, flowers, &c., which only seiTe a prtsent 
purpose, carrying on the operations of the plant when in its adiTC life. 

The first very probably has no motion with respect to spoeo ; the 
second very probably is the euiiBe of the whole bending in cou8e(|uence 
of extemnl influence, as wh™ a tree bends towards the light, or a 
tree on the edge of a thicket bends towards the open air and recedes 
from the thicket. As to the third or temi>onirj parts: the leaven 
are, most probably, necessary for the growth of the new circle of wood 
and the new shoot ; and the flowers fur the sei'd. It is m tliia tliird 
[class of parts] that we are to cj(i>ei;t the greatest (jitanlity of motion ; 
the already formed parts appear to be almost stationiirj-, with respect 
to growth, in themselvca ut to thut of other parts, 

On lite Study of Natural History. 

In Natural History we aro often madu ac^ianinted with the facts, yet 
do not know the caiue. Tlierefore we are obliged to have recourse to 
expeiiTuent to aseertoin the causee which oonneet the facta, one lending 
into tho otiier, making a perfect whole ; for, without the knowledge of 
the couacs nnd effects conjointly, our knowledge b imper&i-t. 

Writers on the Natnral History of animalu have l>i*n of two kinds 
— one [concerned inj only what they could observe oxtenially. such ns 
form and mode of life; the second [studying only) the inlrmnl piirtu 
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mid tlie Btrauture of tlip whole nnimal, whieti was performed by 
the imatomiat. As thi: [suliject of tlio] tiist lius im imniediiLte con- 
nexion with [that ofj tho eecond, the doscribcre of fonn conjectured 
whattho Btruflureoughttobi'liytonsnltinglhi' works yf tho anatomist; 
and the anatomist conje-ctnrcd what the living liisf>ry is or ought to ba 
from the Natural History of tho others ; filling up what he conceived 
to be JDst, and fancy supplying the rest. But such union of knowledge 
does not properly match. It is one building built at different times, — 
an addition to an original plan. It ia no wonder, therefore, that the 
whole is im]>erfuct. 

This [partial or restricted study] confined them very much in their 
mode of classing or urmnging. Thua, for instance, Liunteus, catching 
the idea that all the animola which were formerly called ' Quadrupeds ' 
had mnmme, therefore railed them by that name [mammahaj. which 
included the whole'. But, from the wont of further knowledge, he has 
divided these again according to the situation of those parts : bringing, for 
example, the human kind, the elephant, the bat. &c,, into one order; 
whereon he should only have reduced the situation of the parts themsclvea 
into different classes ; [thus classifying nipples] according to situation ; 
bat not [to have] classed the animals aitcording to those situationB'. 



Or THE Classes of Animaib. 

Wo divide Animals into Classes, Tribes, Genera, and Species, The 
three first are perhaps arbitrary ; but the last is absolute [or natural]. 
Varieties depend neither on species nor choice, but ate a kind of 
nccideat. 

Classes of Animals according to their Hearts. 

1. Tftracoiliii. those that have four cavities [in the hoait]. 

2. Trieoilia, those that have three cavities, which ineludfs both land, 
sea, and amphihioua animals^. 

3. DU-oilio, those that have only two cavities, aa Gill-fish. 

4. Monofoilia, those that have hut one cavity, such as all kinda of 
Insects. 

' [i. e. not onljf the lisiry warm>blood«l quadrnpedi, bul tlie whalc-kind and 
muilrind.] 

* [The (ubscqatsiit cluwiBcalioiu of the MbquhiIU b; Cuiier uii) otiiuni skiw l\us 
pmpicuitj' nitji wliii'li Hiuibir deted«d tlie arUSdal naturti of thi- principBl dianurhir 
uoployrd by Liimicm in conie of the carlkn edilionii of the ' SjsieniB Natima.'] 

■ [A*, for einmplo. the Land Totioiw. llir Turllp. the Krcg. ic,] 
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5. Acariliii. those whose stoniauh and heart are t!ie same body, ns in 
the Itiubbur (Medusa), Po!j-pus, &c. 

Classes of Animals according to Ifieir Breathing-Orgittus. 

The 'first dass' includos all those animals which have lungs, with cells 
through tho whole, and a diaphragrn. 

The ' second,' all those which have their lungs attached to tho Tibs, 
BO BS to confine them to their place. 

Tho ' third,* all those whose lungs come into the belly and arc louse, 

The ' fourth,' all those whose lungs are in their necks, called gills. 

The ' fiiXh ' are reptiles, whose lungs are in their sides'. 

Clasaet of Animals according to Essential and Circumtlaniial 
C/taraclers. 

The characters of the ' first class,' which includes hotd and sea am- 
miUs, are : — X heart made up of four cavities : essential. The lungs 
confined to a proper oovity, the enlargement of which is the cause of 
respiration : essential. Lungs divided into small eolls : essential. Re- 
spiration quick : essential. Viviparous, and L believe the only animals 
that are [truly] so: essential. Give suck: essential. Parts of gene- 
ration : in the male, made up of testes and one ]>enis, the testes euiuc- 
timea within and sometimes without the abdomen, but puss foi-words: 
in the female, a ulitorb, va^ns, uterus, oa uteri, fuUopion tubes, and 
ovaria; all essential. Kidneys high up in the abdomen: eircumstan- 
tial. An external canal to tho ear : eircumstantial. Mcmbrana tympani 
concave citemally: circumstantial. A cochlea: circuinBlantial. By 
much the most perfect animals, whether sea or land. 

There is a gradation from the land to the sea-animals, vii. Otto-, 
Seal. Hippopotamus, Whale. 

The ■ second elasa ' is composed of the Bird entirely, I do not know 
of any onimat of this class but has all the characteristics of the bird. 
They vary leas in any of their parts than llic first class. 

J.aagi: attached to the ribs, that they may move with them ; lungs 
perforated: membranous bags in the alHlomen tiiat receive the air in 
respiration : somothing similar to ft diaphragm. 

Parts of Qeneration : ova crustaceous ; one oviduct ; one penie, and 
that grooved ; no bladder; [outiel of the] oriduct [in the female] and 
(lenis with the [openings of the] vaaa deferentia [in lie male] all in 
the same cavity with the anus. 

' [Bj 'reptile*' Hunter ngniflea 'creeping tliingn,' or Inrrrtcbmla in gDoaml; 
anil oonwquently bia flfUi cisu irould indudc meet of iluwc wluVli ■pomim reapi* 
nUory o^ana, u IiiMctt, CruaUu'muv. Uoiliukgi, luid matt .liu'ilidi. { 
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Liver: divided into two lobos; cyst-bupaliQ ducts'. 

Oiyan of IImri»g: littlo exteraal passage to the car ; membrana 
tympani convex oztemuUy, and with but one bone [oHaicnlum auditos] ; 
no cochlea'. 

Feathora ; winga ; two legs ; long neck ; a bill : a membrana nicti- 
tans; bursa [Fabricii], 

Kone of this class aro ontiTely soa-animala; but it may be eaid to 
possess in some measure thi'ce elements, vii. air, earth, and wat«r : bat 
they live no more in the air than other animals ; it is only for their 
progressive motion '. 

In the ■ third class ' wc shall find some ports similar [to those in the 
secondj. The third class may bo divided into two ; for they are not 
exaetij alike, but one seems to partake of the second and third, as it 
were, made up of both. The first division of the third cla«s, then, 
19 the Lizard and Serpent kind. They have ; — 

S«Hrt : two auricles, one ventricle, two aortas which unite in the 
abdomen. 

Luiiffs : loow bags, which lie in the thorax and abdomen, only par- 
dally divided'. No diaphragm. 

Kidiuifa: In the lower part of abdomen. No bladder'. 

Parts of Oeneralion : two penises, wliich are ia the tail, and are 
grooved. Some are oviparous, eggs without [hard] shells ; otJiera are 
viviparous, but not as in the first class. 

Some have legs, others none : some a membrana tympani which is 
convex outwardly, aa in tlio liiard" ; others none, as in the snake'. 

The other part of this ciaas, which may be called the ' fourth,' or tho 
.Amphibious, is more lishified than what the fish of the firet class 
[Cetaeea] are. The common amphibious animals are frogs, turtles, 
crocodiles, &c. This [class] is very similar to tho two former, and is 
nearly, as it were, a mixture of both ; yet tho most essential parts 
belong, or are similar to the last ; — 

Htart : two auricles, one ventricle", as in the Third. 

LarUfB-. aa in the Third ; aorta as in the Third ; no diaphragm. 

Kidnei/g : aa in the I'hird. 

' [Htint. Vrcp. Ko. 8ia] '' [Hunt. Prep. No. 158!.] 

' [Air is nut more essentUl to the life of hint* than of otJiin' nitiniaU : Iheir fiapo- 
<d«l rdationa arc to air ns a m«diuiu of locomolioii.] 
' [Hunt. Prep. Noe. I lOiVI KW.J 

* [Thi* idiArai^rUrr iiiplim only to serpculc, not to oil luardi.l 

' (nunt. Prep. No, 1570.] ' [It nuls, but adlierai lo the akb.] 

• [Hunt. Prep. Nob. !I15-1I|1> (Auijiiiunut). {Chflutw mydat) : the prepomtion of 
)ha h«art of tlip pronxlili'. No, lull, i^ aa diEwohx] Ha not li> slww llir ixnuplHia tep- 
tilm of llio veiilrimiliir onvilT, pii-iiliui- lo llii- Croeali/ia. among n'ptilM,] 
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in tlie SeconJ: penja grooTcd', 
oviparous, as frogs, &c. ' ; othora 



Parts of Generation: one penis, 
as in the Second and Third. Some 
Tiviparous, bh the Balani under'. 

Organ of Hearing: some have a membrana tympani, as tho frog; 
otheiv none, as tho tortuise*. 

The Fatirth or Fifth Class is very distinct from the former, as iar as 
I know. 

Of the Similarity of many Paris of the Fitwl and Tkree-cavity-kearlfd 
Animals, especially those called Amphibious. 
The lungs of the fowl open into thin cells or bags that nre in the 
cavity of tho belly. Tlic cells of the lungs are large. Tbe lungs in 
the Trievilia are continued into the holly, are cellular at the upper part, 
but in moat, e. g. the snnke, become aranoth bags at the lower end' ; as 
it were, answering the same purpose as the abdominal bug in fowls : 
the cells of tho lung-part are large. No proper diaphnigm in either 
class: but fowls have something similar to one. The gall is green in 
both. The kidneys are placed in what may bo called the pelvis, in 
both" : they are conglomerated in a particular manner, have the ureter 
ranii^ng ihi-ough their whole Bubstance', and it enters into the rectum. 
The urine is a dialky substance in many of both classos, and is a kind 
of alime in others. Tlio festea art' situated in the abdomen, in the 
males of both. The vosa deferentia enter the rectum in both. The 
penis is grooved in both. Both ai« oviparous. The structure of the ear 
i# similar. The heat [of the body is] veiy different [in the two daaseaj. 

Classes of Animals aceordinff la their Brains. 

Of the Hnt Class of Animals that have Organs of Sense, and eoiue- 

gutntly have Brains'. — The brain in this ctaas of animals is acaroely 

■ [Hunt. F«p. No.. 9444-3452.] ' [lb. 808.3270, 3271.] 

■ [lb. N<*. 3296-321«,l 

* [Thti hoDiologiie oF the Hir-druiK biuIk in all Catania ; but, m in Opkidia, the 
ineiiibrane i* Iisb diitinct and (roe from adbcsinn than in Uiarda and firogt. Hun- 
Icf 'a dimJou or iJio Rrpfilia vl Cuiiur intu Ina rlaana is ToundMl on liio gctieralJTe 
organs. Xlie CrofvJi/ia and Chrlenia ore Kporated from tbe /nvw/tVi'i mul O/itidia 
bj having the iutnmitlont nrj^an aiiigle, inileiul of double. Hunter's error Uca in 
onociating itienn with (Jie CiivioriiiD Batraehta, «hii.'h liave no inlroniitlent organ i 
and bare modifitncions of the proareative tjAna trhioli led Hunter hinuMilf to niiko 
tliv wpantiori, and plaoe the Bolrachia with Fislica in Llie 'giuieratJTe' gj^Lem of 
i-loMiSaation,] 

' [nrnit. Pn-p- No. lOKg.] " [lb. Pn.p. No», 1 179-1 IM.] 

' {lb. Prepi. N«. IlSB-lieS.] 

• [The prvparolion* {Sat. I3(H. 1.10r>, I3(IG) wbii'h ilWlral« tbn eoiiditiou of Uie 
nemnu tj'Avm cbvaotMitlic of thi* ' dIom ' khs d«rited cvludTDlj from Uio Mol- 
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samiiuj in any reapeot to that of the most perfect animala with which 
we ore is gienerol more acquainted. It consists of a pulpy subatance, 
somewhat transpnrent, which is easily squeezed out when the bmin is 
cut into. It appears in aome, and perhaps in all the lower classes 
that have bruins, in the shape of a ring, from the eircumferonco of 
vluch arise the nerves, as radii from a eentrc. Through this ring (in 
snch) payees the cesophagua. T am apt to believe, however, that thia 
ring is not wholly brain, but a union of two large lateral neiTea, which 
nnite under the ccsophagiiit, Thia at least appoara to be the case with 
the nest class. It is not oneloaod in hard parts, and is not defended 
horn pressure or injuries more than any other internal part. 

This class would appear to have but two senses, viz. feeling and 
taste, having neither seeing nor hearing, and most probably without 
the sense of smell. There appears to be no organ for such a sensation, 
and tho respiratory organ is so situated as not to bo of any service to 
bute, to which smelling is certainly a director. 

Of the Secfiruf Class, or IiwcU. — The class of animiihi immediately 
superior in sensation to the t'oregotng is (I believe) that class called 
' Insects,' both aerial and aquatic. Wc flnil in them an increase of 
Bonses. The first class we were inclinable to beUeve had but two senses ; 
but here we are pretty certain of four. viz. touch, taste, hearing", and 
aigbt: how far they have smeU I have not been able to discover, but 
should doubt itt. 

Tho brain hea in the head of the animal, and consists of a small 
rounded body, giving ofl' nerves in all directions to the different parts 
about the head, such aa the optic nerve, &c. The brain is a pulpy 
substance, somewhat transparent, which gives it u bluish cast. From 
the posterior or lower pai-t of the brain, close to one another, go out 
two lai^e nerves ; one passes on each side of the asophagus, and they 
then unite into one, forming a knot at thia unionj. They disunite 
again, and sn unite and disunite alternately through the whole length 
of the animal, at every union giving off the nerves, as from the brain. 
This structure I suspect answers both the use of a medulla spinalis and 
the gi¥at intercostal nerve'. 

• It is pret^ certain that bess heax. 

f TeC it would appear from observation Uint it i> tbtj probable that ben and 
w«*p« bnvc Bmell. 

I It u tlie union of th«e two nerves, ond tlie cwoplmgup passing through bWwiTn 
tlicni. wbich made me suppoae that that in tho Snail wa« a aimilar Rtructure. 

luwoua subtingdom of Cuvier. whence it maj be inferred Uiat Eunl«r had a percep- 
tion of that great natural subdiviiion of the animnl kingdom]. 

' [The complicated nbdoniinal rord of Infcda has rinoe been Bccurately figured 
■nd dwcrilird by Lyonet and oilier analoiDirts, ond ha» rcwntlv been "ueoewfully 
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Of the Thivrl Clam, or Fish. — Thie class of animals is a uoiuiderabk' 
remove from the former in complication of structure. We Imve obeorved 
that they have a complete circolation, making in the whole almost a 
Becond. 

They are endowed with five senscB, 

The brain in thi^i class ia, upon the whole, much lai^er in proportion 
to the size of the animal than in the former. It is a vciy irregular 
maas ; but the several ports that Bm idmilar to those in a still superior 
order muy he pitkeJ out. The brain varies in shape in this very much 
more than in any otber ela^ of animaL*. The cerebrum in some, oa 
in the Skate, is detached to some distance from the other parte ; in 
othere it is pretty oloeelj connected. There are more parts in some 
than there are in others. 

They have a medulla spinalis, or continiuition of the brain down tliu 

In the first class we had the brain surrounded by snft parts only. In 
the second it waa closely aurrmuidcd hy soft parU, but these were sur- 
rounded by hard. In the present eluss the brain has a case of hard 
parts for itijelf, called the skull : but it is too large for the brain, there- 
fore this is attached to the skull by a cellular membrane, which makes 
a kind of tunica arachnoides'. 

The nerves arising from the bnun in tliia tliisa are very lai^. aiid 
there seem to be nine pairs , 

Of the FoHrih Clait, or Aviiikibia. — The brain in thia cluas is very 
muill in proportion to the size of the animal. amiUler than even what 
it is in the former, or Pishes. 

It would seem from external appearance to be randc np of many 

HaiUed in relation lo the modera discovurin of Uie fuin-'^oni of llie wtcmI \<tn» of 
the ipinBl chord oflhe vprtcbraie nuimiili!. Mr. Vewyion (rhU, Trani. 18-H p. ¥),'>) 
(IncribeH the atKloniinkl oords of iKHids lu runiposct) of two Inwla, a f^nglionb or 
MQMliTo whiiih ii Biitwior or TcntreL and a motor IraA which pane* oror tlie 
ganglionion (ho poflerior or dorwl upiwb. laadilittun lo llie«> liutro u ■ nirroviar 
aolumn on thK potterior put of Uie nuitor Irut. whiidi bo coIU the iiiToliinl«ry 
tnuA, and woulil tlicreforo more immedialcl; auHtier to Uwi ^rniputliolic or groat 
intercoMat iirr*a. Thnv partj in Uio CnulBRiaTit and in tho imago of tlie Iiiwwi 
are protactod by a iprriall^r intMtinf; ■uholani'ti, of wliioh HiikIet iippc«ri to }uim 
been aware from hi< Mnpiiiig tho floating or nuprotwted coiidiiion of tlia niTtoui 
Onilrw M n i-tionurivr iif hie lint ctasi. ] 

' [The mode of prognwiioii of IUh» rpqidrei that llw hood ihoulil bn of Urge 
tu«, to diride tlw mlir and to itfuril adfiiiinb) allarlinipnt lo the nil** of muMilei 
paming lo It from ilv bodj. Tho inodf in nliii-h tlus ii aflix'tnl vilbuut incurring 
BT imduB acciimnlation of [miideroiu in4Uin- aboul tlif brain, u now acknowlMl^ed 
lo bo tlut wUi>'.li Uiintcr liaa douribMl, vii. hj an liitnumliiiary dv^pmant of the 
arachnoid oonn-ing, the oella of nhidi are fllkd with s •oniu fluid : and upno Ihi* 
>■ the skull m«<dd<^ ] 
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parte, which are not bidden, or do not lie one upon another, but are 
verjf much detached ond follow one anothcT, or are more in one Une or 
(lircution, and not i:unit)Bcttd. The whole ia an obbng body composed 
of five eminenooH, with their common basis. 

The two Rnteriar oomdirt of the oerebrom : the two middle I shonld 
suppose of tho nat«e and t«ateti. which I suppose to bo the middle lobes 
detached ; because, in the Bird. tUey aru more undt-nieiith, not so much 
between the cerebrum and eoreboUum. The poHtorior ia the oerebellnm, 
consisting of one body entirely. 

It would appear aa if tlie order of mo was inverted, tie. the two 
middle bodies seem to be the natc« and testes, yet they are mnch loo 
large tu bear the same proportion as in the higher classes. Every 
eminenco has a cavity or ventricle in it, therefore, in this class, tltere 
are five cavities or ventiicles. The cavities in the cercbnim are lo^^er 
thas in the others, and are similar to those of the higher classes, i. c. 
they have o largo eminoDco projecting into the cavity, which is the 
major part of the brain in the Bird. In the others tha cavities seem 
to bo pi-ettj near of the shape of the body or protuberance in which 
ihey are ; aiul they are very large in proportion to the size of the brain. 
The tunica umchnoides covers almost the whole brain. It does not 
adapt itself to the eminences and cavities, but is connected with the 
pia mater by a cellular membrane on its inside, and to the skull, or 
dora mater, on its oul.tidc. 

There are no convolutions on the eatemal surface of the brain, but 
it is covered smoothly by the pia mater. 

The nerves arising from these brains are very large, nearly as loi^ 
BS in the human. 

There are ten pairs that go out of the skull, and the acceaeorius 
joins the ninth pair. 

The iiret pair are very large at their beginnings, becoming very small 
at once, which has the appearance as if they arose from two small 
ronnd bodies. 

Although the Crocodile is classed with the Amphihia, and reoUy 
mmes nearer to that class than to any other that I know of, it has not 
all the same character, as has been oliscrvod. 1 1 comes nearer the Bird 
.Ihnn any of the other Amphib!o [do], and therefore is a degree higher'. 



' (Ths jiutnCTs of this ohwrration is confirmed bj (he aysleme propowd bj manj 
modem tiHturatisti tor the li&edfkstion of the Ampiif/in of Lintm'ua. Mcnvm 
tepaimtea llie Crocodiles from the ether Sauria of Cuviur. to form a distJRiA order, 
which be termB ' Loricata.' Lntreille also wpanitM the CrwodilM (roio the t^nn-tir. 
bU joilu Uiem inth the Cliulonuns to form his xeution Catirphrarla, Hj expe- 
rinu*d ooUcBgue Dr. Grajr joins the eitjnct EiialiomurU with tlio Crocodilin It 
Ibrm lii» ordur ' LoricalJi.'l 
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The brain, although it has the same porta, yet it haa them cloBer 
connected, and the akiiU is more in contact with it. 

Of the Fifth Clasi, or Fowl. — The brain in this cIobs is lai^r in pro- 
portion to the size of the animal than in the foregoing. It consista 
of the pulpy aubstance, but is not very distinctly of two kinds, cortical 
and medullary. 

Tt would BOem to be mode up of aix parts, viz. the two hemispheres 
of the cerebrum ; the two round bodies, one on each side of the medullB 
oblongata, pretty much detached, which would seem to answer to the 
two middle lobes, although their situation with respect to the skull is 
different, for they are under the lateral processes ; fifth, the cerebel- 
lum ; and sixth, the medulla oblongata, which is the common base. 
The cerebellum is considerably behind the posterior lobes, and is large 
in proportion to the size of the whole brain. 

The two hemispheres do not seem to unite, although they ate so 
close to one another as to bo hardly separated by moans of the inner 
aides of the two lateral ventricles. The two lateral ventricles are 
very large, and may be called the broad cavities ; they begin forwards 
ntjor the anterior points where the olfactory nerves arise, and near that 
surface where the two hemispheres are in contact with one saother; 
each ventricle passes backward.^, and winds round the posterior end, 
but does not extend so far to the outer or lateral parts of the hemi- 
sphere as to come forwards again. The part of the brain which makes 
the inner and posterior wall of this cavity is very broad, and so thin in 
many places as to appear like a membrane or pia mater only. On the 
inner surface it is concave, on the external it is convex, and the oppo- 
site or inner side of the cavity, which is the major part of the brain, 
is convex, which answers to the concavity of the outer ; bo that the 
two surfaces arc moulded to. and in contact with, one another. When 
this outer portion is taken off, tlie brain is nearly of the same shape 
and size us before. The plexus choroidee is a vessel which comes from 
the lower part of the ca\4ty of the two thalami, or from the upper sur- 
face of the medulla oblongata, and runs backwards and upwards through 
the cavity, and spreads into a broad loose flat fringy end. At the 
lower part of the division of the two hemispheres ia the third ventricle, 
like a groove ; the anterior end tenniButes in the infimdibulum below 
the optic nerves, but at some diatunce ; the posterior end is continued 
into the fourth ventricle in the quadruped, or the sixth ventricle in 
this class. 

The two hitci'ul bodies' which are on the sides of the medulla ob- 

' [Tlie optic lobes, or bigeminid bodiw.] 




The Tcatrifto ■» «^ tmu im i^ t g *. tb tw»lBadaaB«B. 
■mnuKtendCTarlamvc^if A»MftBM InriiJiM, — j m» pc*^ 
tafSe; bepanac in tbe aBtanw kk! tf tibe ttratram IraUBMad 
pnttjr far fijcmrf, gng d»^ laA, ami vkea got mm wmmOa- 
•fale w*T, bes£^ 4Mtfvsrd amd dawnari, An lorwnd aad ilill 
aawm-aaititoiinnti,tai€WiBagmea^mAeratiranpa%. Intbea 
Bb tlw Mtpon •tmta, ^ Oslnn Mnvna (frtioannB, tbe pkxM Ao- 
nidei^ and the bmix. Tlwtknd taiuide ii dined; under Oefacaix, 
md tirr— """-*— fonranb I17- * nnaO opOHiig wilh the iBftn£baIaH, 
vdudigoeBdinrBlo thepitintauyglnul; b^ind, it eoBUBBBMatn with 
the COoitfa r^itricfe. vhkb k parti; ir tbe 'mAiP^ oUcugUa. 

Tlie cerebnnn and eervbcDnm end by foor pedimckB in tiie tuba<- 
eoloffl anDBkrc, and the aied i iDa olilcmgsta goes oat ban it ; U the 
gmng ont of which are taar pyramidal bodies, vix, the cotpon olivaria. 
and oorpura pjranudaHa. 

In the brain the oorttol mibstaiice ta on the ontside, in the medulla 
within i in some it ia in one Une mnning down, in othon tv«, > 



< [This ippUea onl; 10 the orden Cttaeta, Un<rttata. ftfrninra, and Q 
aaodatcd totsrcber u ' Grmioqihala ' in m; "Onbnl SyaMn or itw Kuumklu," 
proentd'atgi o( the Linnmn SociMv, 1S57.] 

) {The inlertpwv bMwcen the lajm at the Kpptuni lupidum 1> luiv n^pirdrd m 
eanilituiing ■ Bflh Tentricie. &nd i« prculiu to the Hiinmtlu.] 



84 CLABSIPICATIO\ 

Tbe nerves which go out of the skull are nine paire, and the acc-ea- 
Borios, which goes out with the eighth. 

Classes of Animals according to their modes of Generation. 

1. Vivipara ; those that bring forth [living young, formed] in the 
uterus, from a mixture of mulu and female influence ; such are all of th« 
first claaa [[Lccording to the structure of heart and lungs], both eea and 

2. Vivwn ex ovo [ovovivipara^ ; those that may bo said to hatch their 
young &um an egg in the oviduct ; as, e. g., most vipers, slow-wonnB, 
aomo lizards, salamanders: and this is confined to part of the second 
class of hearts [^Trienilial aJid to some of the third [Dieoilia\ as in the 
[piked] dog-fish, 

3. Ovipara ; those that throw their eggs out and oro hatched out of 
the body. This takes in a lai^e field, vii. part of the first class [ Tetra- 
eoilia, i. e. Birds] and of the second class [Tricoilia], the greatest part 
of the third [Dieoilia], and perhaps all of the fourth [i. t. those with 
luugs in their sidea]. 

4. The mode of producing a continuation of the species in animals 
nuiy first be divided into two kinds ; the one [bj" products of organs of 
generation, aa above defined] ; the other, which is the moat simple, is 
B part of any one animal bc(!oraiog a whole, and, what is somewhat 
similar, producing an animal out of itself — like a branch of a tree or 
a sucker from a root : these [fissipnrouit and gemmiparoua modes] admit 
of connidorable variety. 

There we three classes of animals which may be called oviparous' : 
the Bird, the Amphibia, and the tribe of Ray-fish. 

The Bird and the Amphibia are nearer each other in their operations : 
but in some circumatoncea the Ray-fish is the same aa the Amphibia, 
in others very difiTerent. They are different, e.ff.. in the construction 
of their eggs : they are somewhat different in their mode of reori%'iDg 
the yolk into the abdomen. 

Classes of Animals according to tlie Coitus. 

In the first class the}- arc mule and female, and they insert'. In 

the second they are male and female, but do not all insert : some only 

' [Here tbe wonl ii tMtrictwl in iM iiiplioBUon lo tho «nim»[i vhloh pxdude 
comparatirelj' fpw uid Urgs egga, and [hoM •umMnTplf, in uontrul with the num*- 
roiu and smulUneoiulj' disfhargnl (mall rggtottragi ami mn-flnh.) 

' [Thi* spplin to tlio XamMalia.] 
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aping the first'. In the third' they are mole und feninlc, but do not 
insert. The fourth^ arc some male nnd female distmrtly : others are 
Hennaphrodite-s, but [of these some] propagate with each other, while 
some copulate with ibemselvcs ; thus some ape tlie more perfect, others 
not. 

Division of Animals according to Ifteir Temperalwe. 

Animals should not be divided into the ' Warm ' nnd ■ Cold.' They 
should be divided into those of permanent heat, in whatever climBte, 
and those thut change [in heat] with the climnte. Por the snail, which 
lives in the hot baths in Italy', lives in a warmer atmosphere than the 
beat of the animals of permanent temperature ; therefore it must be 
warmer than the pcrmaoent. 

These divisiona [of 'warm-blooded' and 'cold-blooded' animals] 
were made by Naturalists of cold climates. 

In proportion to the coldness of animals ihey cannot bear cold woa- 
tJioTi viz. snails, snakes, lizards, &e., cannot boar the cold. A whale 
oan live in Greenland all winter, but the cold fish como south in winter. 

Classes of Animals according to Sise of Body. 
The Quadrupled [Mammalia] is the largest class of animals [i. e. in- 
cludes animals of the largest sizo, e. g. whales, elephants, rhinoce- 
loaw]. The Amphibia probably next [e. g. crocodiles]. Pishes are the 
third [sharks]. Fowl the fourth (ostriches. &c.). Insects of the first 
claaa [Crusta<;cans, e.g. crayfish, lobsters], the fifth. Insects of the 
aeoond class, the sixth. 

Viviaion of Animals according to tlie Element thry frequent. 
All animals must have certain general principles, or they would not 
be * ftnimals : ' and it is the different combination of these principles 
that produce difibrent animals : the classing of animals is do more than 
the classing of those different combinations, for there is a great regn- 
huityin 



' [Hi* ohanoter would appl; to Avtt, the eijc^ptioiie being the StTufhvniida, 
Autrtt. \( h} iJie 'second' Hunter mentis hu 'second close occarding to hmrl*.' 
•r 'TriiviliA.' then iDtromiraioD i; the rule, uid tlie Bstraohia thf exception.] 

' [Here the ' Dicoilin,' or third cIbsb ifFordlng lo hmrta, i, e. Pisrm, u evideatlj 

[Tbe ' Monopoilia' miij be here meant by the foiirih class; but the genoratiTe 
would apply lo tlw Iturrtehrata at Jarge] 
* [The Cgrlat/amuai fhervitilt of the hot-apring» of Ab«no move* »bont with grMt 
Wtlvilf, ttaA propagiil*^ in ipnter of the temperalui'e of 100^ Fshrcuhoil,] 
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The first principles arc but few ; but it is the various forma of those 
principles that produce such variety of onimals. Out of these priudplee 
Nature has first produced three classes of animala to auswer the three 
elements; therefore there is a similarity in each class, more than between 
Bny two of these classes. This is the first division ; these are subdivided 
into n great many fitted for other variations of nuturc. As a general de- 
scription would answer all imimals, viz. what an animal was, and as the 
animals are divided into three elasses. eo must the description ; then 
each class is again subdivided, which subdivides our desoription'. 

In treating of any one animal, tracing it through the circle of life, 
we move as it were in a circle: for, at whalcver stage of its progress 
we begin, we come lo the same stage again before we complete the 
whole circle. If we begin at its rise and go through its whole progress, 
we are led naturally to the same point again, viz. to the production of 
another animal similar to the present'. 

Of perfect and imperfect Animals. 

Nature has, in the most perfect animak. formed parts very distinct 
fi^m one another, for all the different functions or operations of the 
body ; whereas, in the more imperfect, she has huddled parts together, 
and made some serve two purposes, or has joined two into one. For 
instance the ureters of the Bird enter the anus ; — the penis, vasa dofe- 
rentia or oviducts, enter the anus'. Sjtill more imperfect animals have 
heart and stomach in one. 

The more imperfect animals are, the greater b the tendency or dis- 
position they have for parts which have been removed to be i-estored. 

I gelded a young cock ; and, after having let him live eight months, 
I found that a small part which had been left was become much larger. 
[By the way, talking of cocks] cocks' combs are parts that do not in- 
flame though ever so much woundod ; this we see in cutting them when 
they have fought, Sc, 



Progression and Declension of perfection in Animals. 
What we call ' perfection' in animals does not Increase in regular 
I every part, but as animals are complicated ; and each 



' [Thii charscteriMir'all; Bunterian MS. mnf iMalthilj eiiraiM Uw ia([niuJI7 of 
mnM rendn* M decipher ila full mauling.] 

■ ["Theorguii of ammsls form rhe linlia of >ohain. uid Uipir runetioiu fonn a 
continued mrcle of rcnovBtion and deoaj,"— Ciivikr,] 

* [Hera Hunter enuuci>l» (bo principle of ' difi*erentiition of ilniMiiFe ' u elu- 
•■mtonilic nf gnde- Hi> might hm nirA micnit bMtpr irumplp*, unit iiwh wQl 
nwlily iiiggon ihorawlTe* lo ih* n«tnr»lijrt.] 
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comiiliuHtioii has its degrees of perfeotion. These degreea do not cor- 
Kspond in perfection ; [they are not] regularly progressive in every part 
from the most imperfect to the most perfect [animals] : although they 
go on in pretty i^guiar steptt of perfection among themselves. Thus, 
Pub are an inferior order of beings to Fowl; yet Fish have tt^eth, a 
property belonging to the highest order ; therefore Fish in this part 
step over Fowl. The Amphibia, which are between Fish and Fowl, in this 
TcBpectresembleboth, having both teeth and bill'; but then they are most 
like the Fowl in the vital parts, whilst they have teeth like the Fish. 

Perhaptt the declension uf animals from the most perfect to the most 
imperfect is in a regular order or progression ; but that progression is 
iar tram being an equal one ; for the differences or distances between, 
or amongst, the most perfect are great and obvious ; but when we come 
umong the imperfect they arc much closer, or less observable, if at all. 

This makes the most perfect but few in number in comparison with 
the others ; and, in these, increases the number of genei'a and species ; 
and removes the Human to the greatest distance, whioh is an agreeable 
reflectioD. 

The declension of animals from the Human to the brute, or more 
distant bmte, is faster in the head and trunk than in the four extre- 
mities. The trunk of a mongoose, &c. (Lfmuridoe), is nearer that of a 
cat or dog, than its four extremities. The trunk of a bear is quite that 
of the brute, but the extremities are nearer the human hand and foot. 

The more perfect animals, as Uan. dogs, &c., grow in size in all sea- 
eoas of the year ; however, it is probable that the cold season may have 
»ome effect in hindering the growth of the animal very sensibly. The 
more imperfect animals have their particular seasons of growth, similar 
to vegetables. This I should suppose ia peculiar to all those Hnimiilii 
which sleep through the winter, 

On the Origin of Species. 
Does not the natural gradation of animals, from one to another, lead 
to the original species ? And does not that mode of investigation gra- 
doatly lead to the knowledge of that species ? Are we not led on t« 
the wolf by the gradual alBnity of the different varictice in the dog? 
Could we not trace out the gradation in the cat, horse, row, sheep, fowl, 
4c., in a like manner' ? 

■ [The tiiard. Prop. No. 386, hu teeth ; the toFtoiu. No. 2105. ■ bill ; the urea, 
So. 1063, hu both.] 

* [The best attempt to anawertliia tupreiiie qiiEstiun in lootogv has lip«n mnde by 
Charles Dftrwin in bis irork eniitJed "On the Origin of Bpecies hj ntcaiu of 
Katurml Selpcllon." 4o. 8to. 1859,] 
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It may be difficult to find out the originul of Rny ttnimal that is ni>l 
probably now foood wild. It will be diffiiiult to aay which is the 
original oow, whether the East India cow or the European ; but, ss the 
Eaat Indian has the least variety of the two kinds, it is therefore more 
prubably the original cow than the European. Besides, this animal 
camu from the East, and wa» more likely to go through varieties in 
new liountriea [i. t. under new external influences] than in its origintd 
country. 

Varieties of AnimaU. 

Any variety in animals that is pretty constant is commonly called a 
' breed : * such as of hogs, cattle, sheep, huraes ; although such, in some 
species, as in dogs, go by particular names, aa bull-tlog. mastiff, givy- 
hound, &c. ; and, therefore, in such the word ' breed' would bo applied 
to each ; as a breed of bull-dogs, &c. In hc^, cattle, &c., a breed often 
goes by a particular name, as the Chinese breed of hogs, the Welsh breed 
ofshecp, the Holdemess breed of cows, the breed of running-horses, &o. 

These different breeds of the same species, although they be pretty 
constant in their hereditary propertjes, and by getting the breed we are 
pretty sure of the produce, yet they are often varying from the true 
breed ; and these are either better or worse than the original : but, 
whichever it may be, it in some degree becomes an hereditary principle. 

The varieties among the origioal of any species of iiti inml " arc much 
less than the varieties of any of the varieties. Thus wolves have less 
varieties among themselves than we find in any of the varieties of dogs ; 
whether we take the bull-dc^, mastiff, greyhound, &c. The same may 
be observed of Man. 

Varietios are so regular as to be olassible : thus we haie dogs of jiai-- 
ticular kinds, cows, cats, fowls, horses, sheep, &c. 

How fjtr varieties in animals aro gradual, or in what degree they, at 
once, produce a very distinct variety, is jierhaps not to be ascertained. 
But, if it be gruduul, we should tlien be able to trace most varietJc« up 
to their original. Did the peacock, the turkey, the guinea-fowl, &c. 
become first spotted or pied, and the pied thiai produce the white? Or 
was the white produced at once by an original? 

I believe that all varietios that acom to be an amendment in them- 
selves, such Bs increiise of sIm, ore as little profitable respecting breed- 
ing OS what tho originals are. For, where the profil« doiK'nd on the 
readiness to have yjung and their number, I believe they are less profit- 
able, llius the common pigeon breeds better than the varietiun. CMjietiftlly 
the runt ; the common fowl better than the larger, or ahaklpbag. 
It would appeal' that a variety wag mor« permanent in ita princijileK 
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Uina nn originnt. I do not mean a TBriety arising oat of an original ; 
for liie wolf that was lined by a dog, had thu puppies more like the dog, 
al lenst in colour, than the wolf. The same with the jackall, both in 
the first chantre and the second litter. 

However, thia was not the ease with the ofiapring of the white Negro : 
thcr«(bre we must suppose thai such are only half monstere respecting 
breeding, similar exactly to a mixture of two original varieties. On- 
giital varieties are. therefore, either perfect or imperfect: and next 
come the varieties of mixture, or of one original with another. 

Animals in proportion to their powers of Bagacity are more easily 
moved from their instinctive prinoiplea than those that are leas so ; and 
Boch therefore are more easily domesticated; and, probably, from this 
drcumstancc, they may more readily admit of greater variety in their 
o&pring. The dog appeara to explain this, as strongly as any other 
species. The dog is a sagacious animal ; the varieties he has gone into 
arc almost endless, as also the diapositiona of each, for they seem to 
have gone as far fi\>m the original, or the wolf, in disposition — in what 
may be called their instinctive principles — as they have in size, shape, 
colour, &c. 

Mr. Walsh ' informed me he put a wolf-puppy among some dog- 
pnppieB. The wolf was asleep all day and awake all night ; the dogs 
the contrary. 
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On the Natural History of Man. 
Superiority of Man according to Mind. 

All animals boar a pretty close comparison with one another', ex- 
cepting the Human ; because they arc all ruled by natural and instinct- 
ive principles. But the Hunmn, being an animal of art, when he is com- 
pared with others, it should be in reganl to his instinctive principle oidy. 
Anhnals may be eompared to one another in their facility to learn, the 
Human being at the head ; and probably brute animals ore capable only 
of Itmming. the Human being the only animal capable of invention. 

Is not the Human Being a congeries of every animal? Has he not 
the inatinctivo principles of efery animal, with this difference, that he 
chooses or varies the mode of putting those principles into action ? 

■ [John Wakh, ^., F.R.8., Uie friend of BcT^jamin Fruiklin, aiid to whom 
Hunter «a« indebted Cor the ipodmeiis of Torpedo vhich he diMected uid dewribod 
in Ihe Pbil. Tniu- toI. biii. 1773] 

< [Animal*, in regard ta parobiwl quaUties, b»r a prel^ cIoh rMemtiluiiie to on« 
another {?), Eiwptitig, &c,] 
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lapts the in^tinclive principle to tlie sitnation or to tht whim. 
I eat : bi:t he varies the mode of eating : he takes the ad- 
>f circumstances and applies them ; he take« the advootflge of ail 

ntiture. Each bird hnilda its neat in a way peculiar to the species ; 

Uan builda his, but he does it in a way most suitable to the situation 

or pleaeoi^. 

Nothing shows more the superiority of the Human over the brute. 

than the variety of ways in which he shall perform any natural snd 

instinctive action. 



Superiority of Man according to Frame. 

Every circumatanco in life, and most things in the Btructuie of the 
body, show that it wna intended hy Nature that the Human body should 
be, in general, erect, especially in its prc^essive motion. The position 
of the face ; the shape of the eheet, being wider from mde to side thim 
in Biiimals which are horizontal ; the apinc projecting forwards in the 
thorax so as to throw port of the chest behind, and the different curves 
of the column, with the hoiid ut tlie upper part, to break the force of 
ooucusuion in walking, jumping, &e. -, the pj-mmidol figure of the 
whole Bpinf : no • hgamentum nuchas ' to supersede muscular contrac- 
tion i the strong attachment of the os sacnun to the ossa ilii ; the great 
disproportion of the length of the legs and arms (excepting he had 
been a jumping animal) ; the length of foot is also a strong proof of 
the erect position. 

Nothing can be more absurd, more on philosophical and more un- 
graceful, than the satyrs of the ancients. 

The erect position of Man is probably the worst calculated for either 
natural offence or defence of any animal postiire, His body becomes 
whoDy exjiosed : it is even unfit for resisting the force of either wind or 
water. But, at the same time, wo must allow that it is the licst cid- 
cnlated for artificial defence ; it is more capable of bringing in oida to 
thb end : the arms are at liberty ; the whole body can move on tho 
feet as on a wntre to incronse tho action of oflfonce or defcnw!. 



Of the Use of the Feel in Man. 
The use of tht- length of foot in the Human is to tncrenxe the basis 
from the fore (v the back parta: tbi.' two feet increase it laterally. 
They add to the length of tlie st^p, und tliey are to the legs what fellieH 
are to a wheel, which are to make llie whole go more equally round ; they 
sene tlierofore to make our steps more equal. Tliia is evident hy com- 
paring the walk of a man with wooden legs with that of one hiivin|r a 
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nutural pair of healthy aad sound legs. The former goea like a wheel 
upon the spokes, but the latter equally and easy. A man with a wooden 
le^ is obliged, likewise, to turn hie side forwards, belonging to the leg 
that ie moved, bo aa to humour the step. 

Of the Bow-leg. 

Wbat is commonly understood by a bow-leg is where the knees are 
at a greater distance [than usual] from each other; in which case the 
femur and tibia are more on a line with each other. Therefore, upon 
a more critical knowledge of this part, what is commonly called a bow- 
leg is, in reality, a straighter one than where they have the general 
appearance of being straight. 

This is the natural or original construction, for all children have what 
is commonly understood as ' buw-legs ; ' and, if strong, they continue so ; 
and, any deviation from that, is a mark of weakness ; for the support, or 
perpendicular columns, ore the bones ; and, the straighter these are, the 
stronger they will be, or the abler to support the weight. 

Bow-legged people generally have their toes turned directly forward. 
This I should suppose arises from the original cause, viz. that of 
strength; for all children are bom in-toed, corresponding with tho 
bow-legs ; and what supports this [view] is, that all those who are 
in-kneed tarn out their toes very much. Thus it is demonstrable, 
&om the foot being at a right angle with the leg, why strong children 
should turn their toes directly forward, and weak children turn theirs 
outward. 

Children are not only weak in their bones, but also in their muscles. 
The child is not in the least conscious of a weakness in the bones ; they 
obey the intention of the mnsolea r while at the some time it has a 
desire for these motions, and therefore tries ; and, in these trials, finds 
ant the easiest method for motion : for these trials naturally throw the 
parts into such positions from the weight of body, or from the resist- 
ance, OS are eoaiest for the child to move in, but very fkr fitim being the 

The foot is to be regarded as of considerable length, compared with 
breadth ; and, as has been observed, the most projecting part of the foot 
is turned forward beyond the column of tho body, in the line of pro- 
gresMve motion. In walking, then, it requires considerable niuscular 
strength to raise the body, and throw it forwards, aa it were, upon or 
over the toes : for, if there was no projecting part of the fmil, no mus- 
cular strength would be required, and one, then, would walk as people 
do on wooden Ic^s. 
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_ proportion us the toea are turned forward it requiros a greftteri 
strength of moBculor action to throw the body upon the toea ; for the 
force or resistance of the bodj acU with the longest lover, and this lever 
becomes loss in proportion aa the toea are turned out. Now, as this La 
the case, we aoe a reason why young children, who are weak, turn their 
toea out : they find that they e-nn wiiUc in this manner when they rAnnot 
in the other way ; and, in proportion to their weakness, will they turn 
out their toes". 

We find, t»o, another circumstance that allows them to 
is, the joint of the unkle being allowed to flox more than it othei 
would be allowed to do if the raiaing power was sufficiently strong 
koop the foot estended. They find that they can throw their bodies 
forward without being ohliged to raise the heels ; which thoy are not 
able to do, and which bends tho leg forwards upon the foot. And in 
tliis way are children allowed to move, which is allowing them to act 
before thoy hai-e strength to use their joints properly and give them 
those determined motions that tho mechanism of the parts require. 
Therefore, the joints arc ohUged to submit to the inconTeniencee arising 
from too great a weight of body. Mothers and nurses are so fond of 
eeinng their children walk, that they are always endeavouring to tearth 
Ui(!ra what they are unable to perform ; nnd, finding that a child 
rfiolly stand without a strength proportionate to tho weight of hottfj 
tiwy have contrived ' leading strings ' to support the superabundant^ 
that the child may be enabled to uae its legs (^that is, to set 
leg before tho other). Ity the tune it arrives at its strength of 
g perpendicularly, it has not, however, arrived at a strength 
■nffioieut to support tho body in motion, where it must be often thrown' 
out of the perpendicular, when one log, for example, must he able to 
roiwi tho whole body upon its toes, while the other leg is in motion. 
ijhil tho child has unluckily, by this time, acquired a knowledge of 
motion and a desire for it ; yet has not acquired strength 
to [Mirform it properly; and, therefore, the mosclos and joiniA 
tubmit to give way to tho weight of body and to fall into thoaa- 
itions that require the least strength of body to movu in. 
inoing-nioHl^ra apply this position of foot, which ariscB from 

ihildreu, to their profession : for, in many of their violc 
una, a greater strength is required than what the parts are eapat 

I It ia not to be (UjipoMd that tho uliild tunu il> Iocs out bj 6e^ga ; but it ■ 

>o at wmIliiow. Whnii the cliUU nidearoun to nite iUolf upon t'' 
L lln niuiulc* are not oblo lo do il, but tlio Iml U brought forward, wbiuh tu 
Ktom out ; uid *1 twi Ui« diUil flnt* ■ hibll of it, ami the foot natunillf Iji 
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of oxcrtjiig : but this positiou uf foot allows of murh quicker motions 
Uuui wliut otherwise could talie place, nnd likewise allows of thoee easy 
groccftU lateral rootiouH, that tho^ practice, from the base buing eolarged 
Uterollj- : and It does not in the least hinder the perpendicular spring. 

Theao ohscn-atioQs I was lod to, from an accident which produced 
thai neakoose in me that attends ctuldrcn, — which was a rupture of the 
't«ndo Achillis;' for, before the t«ndon had sufficient strength to roiso 
mjr boels, so as to raise mj-aclf upon my toes, I was obliged to turn my 
toee out, to avoid the pain that I had when I acted with my ' gastro- 
cnemius' and 'sulcus' muscles, and in this way I could walk tolernhly 
well. 

The Difference between Man and the Mvnkey. 

The monkey in general may be said to bo half boast and half man ; it 
may bo said to be the middle stage. However, there is one thing that 
makes the monkey come nearer the brule, v\i. the toes being similar 
to fingers. Our toes bear but httlo resemblance either in size or use to 
our fingers ; our feet are made for walking upon, but our hands are made 
for laying hold. Tho toed brute biis its hands and feet made to answer 
nearly the sume purpose ; it walks upon thera almost equally, and lays 
hold of things with both ; and [the limbsj are therefore very like one 
another. Tho monkey [is, in this respect], quite the same : for they use 
either hand or foot, or either feet, with the same ease. In this circum- 
stance also the monkey is like the brute ; viz. the fore- and hind-toes are 
like one another; bat they differ very much from the toes of brutes. 

The monkey cannot bring its body and lower ejttrcraities into so 
straight a line as the human [kind conj ; the foot is not arched, but is 
a little bent in the contrary direction ; it is longer in proportion, but is 
not so broad nor ao thick, as in Man. The thighs are flattened between 
the inside and outside; but are broader in the other direction; the 
joint of tlie knee is not so straight ; tho legs are flattened like the thighs. 
The joint of the elbow does not extend so far; the rotation of the 
radius is not bo great. Tho four eitremitiea are more of a length. The 
two first bones of the extremities, viz. tho htunerus and femur, are 
shorter in proportion to the radius and ulna, or the tibia and fibula. 
The toes or fingers are narrower latoruUy. but tliicker between the hack 
and fore-parts, which make their nails so much the narrower. The 
thumb of the hand or fore- foot is not so strong, and has not that opposing 
notion [in the degree which man's bus]; some [monkeys] wont this 
altogether [fore-thumb]'. The thumb of the foot is not at all like that 

1 MmuiiikU." 
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of the Humun, Tlie ateraum ta not ao near the bock-bone. Tlie trunk 
of the monkey U not ao flat from fore to bat-k, ao that the ribs are not 
BO crooked ; especially the first rib, which raakea it fiattor butween the 
right and left aides ; and thia obliges the yesaela arising from tho great 
curvature of the aorta to bo fewer and closer to one another. The iliac 
bones do not spread forward and fly out laterally, but rise higher or 
are lunger. Tho sacrum is not so pyramidal. The symphytda pubis ia 
longer. The tuberosity of the ischium projects further back or down. 
The whole pelri» ia not ao much thrown hack. The spine does not 
project so much in the thorax. The claTiclea are not so long ; so that 
the shoulders do not project so far out and buck ; therefore, of course, 
they are more forward and are nearer the sternum. 

The head is not so broad laterally, but in longer between the upper 
part of the occiput and the mouth, and in not so deep between the os 
irontis and basis cranii. The face is ohUqne, and is not transverse as in 
many brutes, nor in the direction of the body, as it is in the human 
[i. e. the face between the forehead and nostril]. The nose is longer 
in pn^rtion; the upper jaw projects forwards; and, ae it were, 
encloses the nose, which sooms fiat. The jaw is rounded, making half a 
sphere, which is completed by the lower jaw. The jaws are narrower 
from side to side, but the opening of the lips b longer. The chin is 
roanded off [in the direction backward as it descends]. 

The head of a monkey is just as if a human head had been pressed, 
between the basis and upper port of the oa frontis. It would, in that 
case, be squeezed out backward and also at the mouth : but as this 
would increase the length of the head, it ia aa if a semilunar section 
had been taken off tho upper part of the head, and another smalloi^ 
section off the occiput, — the vertex being left entire, which would become 
more pointed, and the alveolar processes being allowed to push forward. 

The penis is not so detached from the body when flaccid, and throws 
itself more into a serpentine course. 

The mocook, the mongoose f Lemur'], and the aagouin lHapalt], are 
not to be reckoned in with tho monkey-tribe ; they have more of tlie 
quadruped in them than the monkt^y in general has, but are very near 
the monkey in many respects. They have the agility and manners of 
the monkey. 

The next animal to llie Hmnan, after the monkey and raocock, in tliB 
shape of body, is tho bear ; and his actions, of courae, are equally n«ar : 
but he is not equally near in every part. Ills groatrat likenena is lu the 
four extremities ; tho bead and trunk arc not much (if any) nearer Ui 
tlie Hnman than a lion's or dog's. 

Beasts hare oft«ner stones or gravel in the pelvis of the kidney than 
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the human aubject has ; but they very geldom have them in the bladder. 
This must arise £rom the homontal position of the body not ollowittg 
the urine so free a passage into the bladder as in the human. 

Comparative Observations between the Human and Brute kind. 

The contents of the buinan pelvis adhere to the aides by a much 
greater extent of suriace than in any other animal. The intention nf 
this is perhaps to prevent a protrusiun of these parts from the weight 
of the visuera above, in the erect position of man. 

What may bn called the ' contents of the pelvis' in the human are 
not the aume as in other animals. The [pelvic] contents in the human 
are, the urinary blaililer and its appendages ; the uterus, vagina, and 
their appendages ; the vesicute serainales. the rectum, the sigmoid 
flexure of the colon, and the lower part of the ilium. But, in the 
brute, the two last are never in the pelvis ; and the timdnses of the 
former [utenis, bladder] are in the abdomen. In the human fcetus, 
however, it is as in the brate. 

The oheek-bones in the human race appear to be the last parts of 
the face that change. Every other part of the face shall be modelled 
or softened down to the true European type, while the cheek-bones 
shall continue high. 

The human is probably the largest animal which has a clavicle'. 
Those quadrupeds [possessing the bone] are much smaller. It would 
appear that the feet of the larger quadrupeds are only for progressive 
motion and fighting. For progresaivo motion a clavicle was unneces- 
sary, and their motion of fighting is very confined ; but, in most of the 
smaller quadrupeds the fore feet eorve as a kind of hands, and are used 
in a variety of ways, ns catching food, assisting in the division of that 
food : climbing, fighting, &c. 

The human ia the hest-grown animal of any when ho in shedding his 
teeth. 



Observations in Natural Histort. 

The Uses of Animals to Man. 

li&rge animals are employed in our service through the whole of 

their life ; some for work, as horses ; others for their produce, as cows 

for milk, and »beep for wool : so that we rob them of their whole hibour 
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they eat the vegetalilea when grown. Gardeners find the inconvenioacy 
of tUis; for they find the young peaae and beans eaten na they rise, 
young cahbuges ^vith other plants, also the leaves of trees, and the &nit 
when ripe. 

The natwal history of beetles I do not so much know, but should 
suppose that they live upon smaller insects, as I know that some of 
them live upon flesh, suth as cockroaches [which, however, are not 
beetles, though commonly so called]. 

Plies are known to be very hurlfnl, bewdcs being very troublesome. 
They spoil meat by blowing it, iruit, &c. ; and arc very trouhleaome in 
this fly -state. 

Butterflies are very hurtful when in their gnib-Btato : they eat the 
leavoa of trees : also of cabbages and other greens. 

Spiders are not so hurtful ; indeed, in one sense, they are usefitl, as 
they live upon flies : but they are very nasty in forming webs in rooms, 
&o. However, the good I think arising from them is more than the 
inconveniency ; but, as some of our animals live upon others us well as 
spiders, we must let them be destroyed ; for of two " goods" choose the 
"greatest." 

Orasshoppere. Thdr natural history I do not know ; but, as they 
are something like the locust, I should suppose that they live like them. 
There is a kind of them (crickets) about bakers' shops, that live upon 
the flour. 

Ants live mostly upon com, but they also eat meat. 

Locusts live upon greens, as we hear of their dt«troying whole Gelds 
of com ; but, I should suppose, when green. 

Mice. We oU know their natural histoiy. 

Now it will be necessary to adapt each animal to its proper food, 
which will show the must useful animals, and at the some time will 
lead us to keep or destroy them as we find occasion for them. 

Tlie snake and the viper I believe feed alike, and T believe they live 
mostly upon land-mice. Lizards live upon snails, wonns, flies, beetles, 
and spiders. Hedgehogs live upon mice, frogs, &c. Frogs live upon 
worms, beetles, grasshoppers, butterflies, both in their grub- and fly- 
state ; besides, they keep water dean of smaller animals. The Bel- 
leisle ' green frog [Ratur arborM] is of great service, as it lives principally 
in trees upon insects, &p^ while in their grub-state. Toads : their 
natural history is much like the frogs. Holes live upon worms prin- 
cipally. Bats live principally upon night-flioe. 

Uiiny animals, besides these mentioned, &re of vast importance in 
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killing animula ihut are hurtfiil : hiU tbey an> such ds are agreeable to 
people in general, therefore are allowed to live. Such are the swallow, 
the owl, all the smaller birUa that live upon wonnB. such as larlw, — 
indeed all those of tlie spear-bill class. Now these animals have 
nothing in them that in disagreoable to the Bight. Indeed many, I 
think, of our first elasa [mole, hedgehog. &c.] arc agreeable : but any- 
thing that is difiugreeable in them is from a notion that they are hurt- 
ful. The viper indeed ia ao; but, I believe, Bcldom. save when they 
are meddled with. However, we could dispense with the vipers if all 
the otliere were saved : indeed, not only saved, but cultivated. Instead 
of rewards oiFered by every parish to those that bring such and tmch 
beasts, rewards should be offered to those that form places of residence 
for them. The notion that hedgehogs eat fruit and suck cows is 
entirely without foundation'. 

Many of the above-mentioned [insectivorous] animals would bo of 
raat importance in gardens ; such as the lizards, firogs, especially the 
green frog, the [harmle.ss] snakes, and hedgehogs; the molo might be 
hurtful by forming mote-hills. Hedgehogs have been found of great 
service in magazines in devouring the mico. 

The mole, the shrew, the hedgehog, &c., although animals of prey, 
or living upon other animals, yet are not animals of offence or defence : 
they do not attack any animal that can make resistance. 



Of Ike Soeiabilitt/ of Man and of Animals. 

The mixing [or associating together] the different tribes of men is much 
more difficult than that of other animals. Men's minds arc linked 
together by a much greater variety of circumstances than other animals 
are ; men become attached to systems, to peculiarities ; and, in propor- 
tion to the attachment to their own, they despise those of others. 
Animals confine their connexions to acquaintance only. 

The instinctive principle in animals to associate with each other may 
be dossed under the following beads, each head having its degree of 
power; vi/. acquaintance simply, tribe, genus, species, sei, and, last of 
all, fiimily [in the sense in which we use the term in common life, 
nenning the parents and offspring]. However, I believe the instinctive 
principle of fiimily to associate beyond the first, or acquaintance, is onlv 
in those coses where the family is large, more especially where each is 



t [Euiept Uie neceuity that cow-tioyi. &o, bare to aocount for the emp^ 
udder. The itavea of Tirginia charge the Bbeenoe of the looked-for supply, when 
Ihe cow# ire Anten home to bo milked, upon the make*.] 
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to assist in the economy of tho fiimilj- ; this will include the httmnn kind, 
uommon bco, humble bee, homet, wasp, &e. 

This intttinctivo principle of ■ family ' is that only which 1 shall here 
notice. It is in such of the bee-tribe as fonu large colonies ; t.g. the 
humble bee, wasp, hornet, and common bco. They will not allow their 
own apecios to pay them a visit ; thoraforo, will not become an acquaint- 
ance. This I saw strongly marked in the wasp. I had at one time, 
three wasps' nee^ with the wasps alive ; some in the chryi^alia state, 
as also maggots and eggs : thej- were kept under gkss covere. 

These hives t ahalt tt^firat, tec-ond, and third. I took two portiona 
of hive No. 1, and I put undera glass a portion which consisted of one tier 
of cells, with i^gs, maggots, and chrj-salises, and about half a doxon wasps. 
The otlier portion of the same nest, c-onsisting dIbo of cIirysaliM's, 
maggots, and eggs, was put under another glass. 1 put under each 
glass some food, which was for the young as they earoe out of the 
ehrysalis state, and also for those six wasps to feed tho maggots of the 
tier they had to take care of. Tliis they did very attentively ; and Ibe 
chrysalises, as they hutched, soon took upon them to assist in tlie duty 
of tho family. 

I, one day, put under this gluas shade a wasp some days batched, 
belonging to hive No. 2, which was immedial'iily attacked by the wanjis 
of No. 1, and killed. I put into the same glass throe wasps of lilvo 
No. 3, which they also killed. These had one wing clipped, to know 
them by. It stniek mo, as they did not destroy the chr>-Bali8e8 of the 
comb they bad tho caro of, as they came forth, that they probably 
might not destroy those that bad come forth of their own nest under 
the other shade, which had been above eight days separated from them. 
I, therefore, took one of tho wa.-ips of the other portion and put it under 
the shade [covering the first portion] ; and upon its being put in they 
immediately assembled about it, some laying hold of a leg, <]re. ; but 
they soon let it go, becoming reconcUed to it ; and, in a few hours, I 
found this wasp feeding the maggots of this tier. From these experi- 
ments it would appear that wasjjg by some instinctive printiple know 
their own relations. 

Here, then, was the sixth cause of association, or that of family, 
strongly marked. Tliese experiments I canied still fiirthcr, to ace how 
far I could make wasps of different hives associate with one another by 
stealing slowly upon their instinctive principles. I took three pieces 
of comb of hive No. 2, with maggots in each piece, and covered each 
with a glass shade, cumbenng them 1, 2, and 3. To No, 1, us a 
standard, I put some of tiieir own workers, the old queen and a young 
one. Tliese fed their maggots without interruption. To No. 2 I put 



workers nnd two quoens, from hive No. 1, to sec il' they would fowl the 
maggots of hive No 2, which the workers readily did. There was no 
difference between these and the first. To the third piece of comb I 
pttt two quoens of the same hive and workers of the liire«i Nos, 1 and 3, 
in oqnal nnmbers : so that there were young nueena of hive No. 2 with 
InbouKira of hives Nos. 1 and 3. For the first doy they were very 
rcsUees, and a good deal of fighting took place ; but they nfterwordB 
settled and assisted in feeding the maggots. Hero, then, the maggots 
became the bond of union between the labourarB of the two hives. 
They united, contnuy to their instinctive principles, to relievo the 
distressed. 

This in&tinctivc principle to associate is natural to all animals, but is 
much stronger in some than in others: and, when increased by acquaint' 
ance, it beeomca stronger ; and, indeed, so much bo, as to uppe-ar at first 
view ratlier on acijnired principle : for, the natural bent of slrangers, 
<;ren of the same species, is to quarrel and fight ; but then they associate 
nftcrwnrds. However, I hclieve that it in not so much the natural 
disposil^on in every species, except [it be] excited by some circum- 
stance, viz. towards a stranger. 

A hornet, bee, wasp, &c., ivill fight any animal (perhaps those of 
their own species more readily) that may intrude on their domestic 
eoDcctns ; but they will not pay attention to one another, when they 
meet on the same flower, on a ripe peach, &c.. 

The same principle cxials in the Human race ; Men have their degrees 
of attraction towards each other according as they ore circumstancod in 
life. In close connexions he is sociable, excepting interests clash (in 
which case no animal is sociable). In the crowd lie forms his likings, 
dislikings, and indificrenceia. But, take liim to Siberia, and let him 
moet the mun he most disliked in his own country ; he will immediately 
become sociable with that man. He is, in »;uch a situation, deprived of 
the acquired cause of sociability, vix. acquaintance ; and he feels ths 
want of such : so that the moment the object of acqiuiintanco presents 
himself, he associates with him ; for the dislike arose &om having hod 
great choice. This becomes exactly similar to an appetite. A man, 
in the midst of a great variety of foods, forms his likings and dislikings, 
which arises from having choice ; but, take away that choice, and let 
him have new kinds of foods which his appetite does uot associate with, 
he will immediately take to the old food he hud been in some degree 
Bccuatomed to, but which he had disliked. 

Upon this principle, animals may be made to associate that otherwise 
woiihl not. Thus if we wish u strange animal to associate with others 
accustomed to a place, take the wbrde into a Mtronge place, and lei 
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them oU Rtny there but one day; and then bring them home, and ^^^| 
will all seem as veil scqiudiited as if they had been brought up to- 
Rother. 

A gentleman gave mo a lamb with three legs, which my other sheep 

hod nearly lulled ; and, after repeated trials, the t'itrmer put it iutu a 

house. I ordered the whole flock to bo driven to a strange field which 

they hnd nerer been in before ; and, the moment they were out of Uidr 

P own territories, they allowed the lamb tj} herd with them ; and, whc^n 

■ lirought home in the evening to the old field, they took no moro notice 
l«f it, at least by vay of hostihty. 

I I may be allowed to observe that these properties are not in a 
Biegulsr progression, m here set down, in every unimal : some having 
B^ne or two of those principles much stronger than othcrB, and the first 
r kcqnaintance, which is rather an acquired property and which is often 

■ Terr strong, is the most uuoertain : some species acquiring it very 
rendily and stronglv. whiuh beeomes the ba^ of domesti coating animals^ 

L«thera having hardly any dispoMtion of that liind, as e.^. the fox. 
hProbabty «U thoae enimola which live entirely upon animal food huva 
||h« disposition of assodatioD teiut : and this may ho necessary in them, 
f ks th«y may he said to be at war with every other animal, and even 
I Ay of their own spedcs tbiungh seUishnees. 

[ Animals have a degree of sociability in them. They generally ehoose 
I to nwide in one place and herd together if allowed. Thus magpies ivill 
I klways stay about one place and build their ncet in the same tree every 
I yt*r. evflu if they should Iw disturbed. It is verj* likely Ihat this last 
I ia the earn with birds of pasenge. Dogs go tiigethcr, &c. ; hut they 
% dtftrr in degivcs of Mriahiltty, some kinils hnving it more than others. 
I The mot* thpy are so, the more sensible they are, or capable of being 
I taught : they are more capable of associating their ideas than the uthtrs 
I tre. Hawks mnd mts have least of this desire of a sodnl life, and ure 
I the most Btubhom rrralurRS to be taught Ktiy art. Men, monkeys, 
Vparn>tA. crows, jai-kdAxra, stM-lingn, ftc. always herd together, and arc 
nhe n»Ht •■roiahle animalH wr know of: they hare all mure or leas 
■|hi*«n<<rr. [MA.VTial)on of 1 id<<ni>, and rellection. 

W Thi» p*^»i«PrtT of aoetabibty in anironls has its gnulatioua. The 
■W^wiiti** i« a Kptvie* to itwlf, i. p. of any one of a spedra to another of. 
r Ihv ■•an* ktveitv. W'h*T>r> the wvond is 1 do not well know ; I should 
iMn'^'*^ ^tth «x<np «4hr4- KpnrieH that has the iMmrait rdatioB to it, u 
1% tvu* 9^^^^ a >a.'>k<)aw. Hrki ft hrtrsc aoems to hav* little actdability 
I %•((>> M *m 

1 M N«t*Mk iM * «taw «f iMtMrv hard to((rth«. they Biay. I imagtiic. 
mm **««w*»>*W. aMl i^iv iwvirf Thnit w«)lve8. or %hf nstaral dog. go 
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in herds ; goaU, sheep, block cattle, horses, pigeons, cro^ 
ducks, fowls, guinea-fowls. As a proof of thb, those that do not go in 
herds or flot^ks will not be domesticated : thus, although the wolf may 
be domesticated, the fox will not ; although the pigeon may be domes- 
ticated, the dove will not. However, I do not know if this is o uni- 
versal principle : for many insects herd, as locnsts, cockchafers, &c., 
which shows, probably, that simply herding with each other is not 
eaongh, although it may be essentially necessary. 

Manners of Young Animals influenced hy the Parents. 

Yoong animals take milch of their manners from their parents. If 
the parent is perfectly tame and famihar with Man, the young are 
never allowed to have any suspicions ; for, then, they are taught on all 
sides. But, if the parent has any degree of shyness, although the 
young are placed exactly in the same situation respecting Man as the 
others, yet they will acquire a degree of wildnesa, exactly similar to 
the parent. Thus the threo-parta jackall could never be tamed in a 
greater degree than the mother ; for, although they were very tame 
when very young ; yet, when they began to undcratand the mother, 
they became more wild and could hardly be tamed afterwards. But 
one that was taken from her early, retained its lameness. The half- 
bred wolves were very tame, from the hitch-mother being so, 

Mr. Walah informed me of wolves being in the Kast Indiee : he has 
eecii them and shot thorn. Wo know there are juckalls. Ha says the 
wolves pair; and that tho male and female together take care of the 
same brood or litter. 

Of the Natural Disposition of Animals towards one another. 

Tho uatnral disposition of animals towards their follow spedes or 
genus, when divested of aU [superinduced] habit, is the desire of de- 
stroying one another ; not by way of prey, but through desire of 
superiority ; or, as if in support of some hereditary right. This is a 
principle seemingly implanted in all the common animals that we are 
acquainted with. However, some have it much stronger than others ; 
and it belongs much more to the males than the females. It doea not 
belong more to those animal« which devour or eat other animals or 
flesh, than to those which do not. 

Thia, then, is the first principle implanted, or the first desire that 
ftnim*!" have towards one another, upon the very first sight of any one 
of their own kind. But, ns soon as this superiority is known, they be- 
rome more sociable for Ihe future ; and more so on tho side of the 
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victor thna of the ('unquiBlied. The vanquiuhed would seem to [wescss 
an cnvions fear. Howevor, these principlos, on both ddcB, lessen by 
the animtila being kept together. This principie is greatly lessened by 
habit ; for no animal that comes into the world comos with any other 
piinciple thou self-presen'ation. They hare neither the deairo of offence 
or defence, hut thoy soon get this ; flrst for defence and then for offence. 
As they ore gradually reduced to n sociable state, in tho same degree 
they lose the other principle ; or, perhaps, we should rather Bay the 
other principle is not allowed to grow so strong as it otherwiao would 
do ; so that they arc insensibly deprived of it towards their acqitaint- 
ancos ; but they still retain it towards entire, stmngers, although not so 
strongly as if they never had been brought up in a social state. 

That this principle can be lessoned by habit is well known by those 
who delight in seeing one animal destroy another ; for, to bring Uie 
animal entirely out of this social habit and allow him to fall into tie 
natural habit, which ho will do, they keep their gladiators from the 
sight of any of their own kind, till they have totally forgot ono another 
or anything like themselves. They go so far as te keep them in the 
dark, that they may become still more ignorant, and, as it wore, 
astonished, and have no idea left hut the present object in question ; 
so that they only_aeem to have this oomhativc prineiple left. This is the 
practice of cockfighter*, dogfightera, &c. From habit, then, this dis- 
positi'>n lessens, and the effects become less riolent ; and, when once an 
imimal finds himself conqueror, fear is removed ; he finds himself easy 
and uncontrolable ; which, in its turn, produces a benign disposition, 
and a desire for sociability. Cats, if brought up from their infancy 
with birds and mice, never once attempt to kill ihcm ; I have seen a 
hawk and a pigeon In one cage. I have likewise seen a tigci-, a cat, a 
dog and a guinca'pig, all lying together in one den. 



On (he Combative Principle in Animals, 
I believe that the animals that are most disposed to fight, arc thoso 
that arc nut beasts of prey : therefore, fighting has no teniloncy to- 
wards food. Animals which have the greatest diBpoeitioii to Ught, havo 
it Uiwards their own species, not with othors; the dog is a kind of 
exuejitiun. 

Animals which arci cither snhjcct to be pnmicd or to &gh.t with their 
hind feet, generally have their cyoe placed on the side of the head, anil 
projeodng ao as t« throw the eye backwards. A hare, rabbit, many 
squirrels. &c., are instances of the first : the horse, deer, Ac, on of 
the second. 
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Tbe strength of animala of the same specios is I bolievo best known 
in their fighting ; yet, as that depends so much on the strength of mini], 
and the two not ulwai'8 going together, thia does not become an absolute 
ntlo : Irtit u!l this iwspMls volimtiirj strength only. However, 1 beliero 
that in some dugreo, nonstitation&I etrongth kocps pace with vulimtary 
strength. Thus, the ihbIcs of any speciee eun commonly beat the 
females of the same species, which la voluntary : and we find that the 
constitutional strength of the male is stronger than the female. Then 
the male grows faster and larger ; he in earlier for the female than 
she is for him : but, the difforem.'O in strength of constitution is, per- 
haps, best nieOHured in the growth of transplanted parts ; vis. between 
the spun of a eoL'k and those of a hen. 

We know tliat the spur, or what may bo called the rudiment of a spur, 
in a hen, remains the same through life, only growing in proportion to 
the mxo of the animal, like any other part : but, the spur of a coek 
does more ; it shoots out at a certain period of life and grows much 
bster than any other part. 

To know what thia difference was owing to, whether it was not the 
nature of a hen's spur to grow at all, or whether the hen had not that 
figour of constitution ret|uiflite to make it grow, I made the following 
esporiments. I removed the spur of a young cock and the spur of a 
young pnlltt, and changed tho apurs by what is called transplanting 
them. Each spur united to the parts on which it was plaei-d. Time 
vow could only determine the oTcnt. In a few months I found that 
the spur taken Irom the puUot [and transplanted on tho young cock] 
began to grow, although not nearly so fast as the spur on tlie other 
1^ ; and in time it became a tolerably bizimI spur. The cock's spur 
om the hen's leg did not grow for yoara, which made me at first sup- 
pose that the spur of a cock would not grow en any animal but a cook : 
nor did they ever grow to that she on the hen tliat the fellow spur 
which was allowed to remain on the cock did. 

From the above experiment, it would appear that the spurs of hens 
do not grow because there is not that vigour ef circulation, or living 
powers, in tho hen which exists in the cock : hut still there is a weak- 
ness of growth in the hen's spur itself; for it does not grow upon the 
cook equal to his own spur. As the woakncts of growth of the cock's 
spur upon the hen may not he attributed to a weokncss of power in 
the hen. nor the weakness of growth of tho hen's spur upon tho cock 
be attributed to a weakness in tlie hen's spur, but to the circnmstance of 
transplanting, independently uf everything else, I made tho following 
experiments. 

As the comb of a cock iippcui's to have mure blood, nnd ef couree 
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more vigour, than the log has, I conceived it to be a proper part t* make 
a com]>anitivo Dxperimont with the leg ; the more bo, aiace tninaplantiug 
would bo Bgainst the experimont, if it had any ofFect, I took off a 
vo<:k'8 spur from one leg and placed it in his comb ; and I found that 
this spur grew much &st«r than the one left on hia leg; indeed, more 
ttian twice as fast'. 

From ail wliich, I condude that the power of growth is equal to the 
power in the hen herself, and [to the power] which ia within the spur ; 
but, when transplanted to a stronger soil, the spur grows equally to the 
powers of that soil. And thia is in some degree reversed in trans- 
planting the spur of a eock upon a hen : for, although the cock'a spur 
has fiill power of growth within itself, yet as the hen, on which it is 
transplanted, has not so much power as the cock, it only grows at half 
the rate it would have grown if it had been left on the twk. 

That it requires a certain quantity of powers, in either or both, to 
make the spur grow, appears from the fact that some hena have their 
spurs grow pretty conaderably ; but we may observe that auoh hena 
are strong and vigorous, usually coming nearer the cock. They com- 
monly have their combs longer, which I imagine arises &om tlio same 
cause*. They ore more given to fight, often crow, and I believe are 
bud ' layers ;' from all which, it would appear that the true or perfect 
female character is attended with a degree of wcnkne«s, but endowed 
with health. 

Of the Riginff of Animals. 

All the ruminating class of animals, I believe, when they rise, raise 
their hind parte, and at the same time get upon their fore knees: this 
is the first step. Then they nuse their hind parts entirely upon their 
hind feet : then the fore feet are raised, but one before the other. 

When they lie down they first get upon the knees of the fore legs ; 
then the hind parts fall down; and then the fore legs are folded in 
under the body of the animal. 

A horse, when lie iisom, first raises his anterior part» upon his fore 
feet, the fore legs being then very oblique and tho foct under his head : 
the hind legs arc brought alongside his belly and the feet arc under 
him. He then raises at once the hind parta ; in which action the 
fore legs are brought erect, by the whole body being brought forwards 
upon the feot. 

■ To knew how flu- tlw eomb at a hen might grow larger on a cock, I Inns- 
phuted HVBrml, hut oner <ynild get them to attach theniielret. 

V Huptrrisn MuKum, Pathologit'a] Series, Prop. No. H-i 
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Aoimals when \exj weak, hardly or ever lie down. One migM be 
amprised at it : but it is very evident why it should be iw. Because, 
whenveiyn-eak, they find great difficulty in rising; almost impossibility. 
Now tluB OB an idea they cannot possibly have [i. e. they cannot be sup- 
poHed to foreknow their inability to rise]. But, what answers the 
purpose, or what produtcs this iiit<;ndi!J effect, is the difficulty in lying 
down : which difficulty, of course, kec-ps them upon iheir legs ; the 
thing intended. When they can no longer rise it is alt over with 

Loose Notes and Queries on the Limbs of Animals. 

Mo unimuls which iiao their fore legs as arms, clasp their young to 
their breast, besides those that have their nipples in that situation ? 
Is thin [clasping to tlie breast] an instinctive principle at large, or is il 
only un instinctive principle arising &om the situation of the breasts? 

Hures and mbbits never use their hind legs alternately, but iilwaj^ 
together. This arises from the great dispi-oporlion between the length 
of their fore and hind legs ; for the fore legs are only used to catth the 
body when it faUs, but the hind legs are used to give the body the 
spring forwards. 

Progressive Motion of the Newt. 

The water-newt lifts its light fore foot, then its left hind foot ; after 
its left fore foot, then its right hind foot. 

Animals have nunibera of legs in proportion to the longtfa of hori- 
zontal body they have to support. 



On Horses. 
The breeders of horses ought to obser^'o well and oatly tho manner 
in which colta use their legs, especially their fore lugs. If a colt is 
inclined to go near the ground, ho should never be turned out on a 
smooth comnjon, but on such places as are very rough. Thb brings him 
into the habit of raising his feet high. If ho ia inclined to point his 
too down, so 03 to make him, from that alone, trip, he should bo shod 
early, and the shoes m^ide thick before and thin bcliind, to give him a 
habit to raise his toe, as we find that women acquire a habit of lower- 
ing their toes by being high shod behind. If ho is apt to turn his toes 
out, he shoidd be early shod, thick on the inside and t)ii" on the out, 
in one foot, two, or all four feet, if necessary. 'VMien n horse is hot 
and let stand, he should have a cloth thrown over him, which prevents 
fjuick evaporation ; by which raoans he docs not so readily catcli («ld, 
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moro espoeially if be has been caught in the rain when wana, for 
water evaiwrutus fuater than sweat. 

A hone that bus not freedom enough in the joints of the shonldors tu 
allow bim to stop freely forwards with his fore legs, and therefore puts 
hilt fuot to the ground before he haa made his full step, which makes 
him kick the eurth, never goes down a hill but with dii&culty. For his 
step will bo «til] Hhorter as his legs are thrown forwards with respect 
to tbo lino of body, in order that they may be perpendicular with 
respect to the body, by which moans the oentro of gravity is eap- 
portod. 

As horsoa are commonly put to strong exertions, everj-thing that 
accelerates, retards, or in any degree influencee those actions becomes 
immodintely an object to those who are concerned with this ommal, 
either as a mtittor of profit or amusomeut. Some horses when pretty 
hard worked in anyway, which always affects the breath, take to what 
is oalled roaring, which is a sound in the chest near about where 
wo may supjHaK tho bronohia open into the trachea. What the cause 
of tills ia I do not know ; it does not seem to produce shortnoss of 
bruuth, nor what is called ' broken-wind ;' nor does it obstruct thoir 
(lotionit ; it is only disagreeable to tho ear. 

But a Very remarkable circumstance attends this complaint, which is, 
tliat a ' roarnr' cannot he made tu cough ; the common modes eiinnot 
ozoito ooughing. Tliorufore when a horse eaniiot bo made to cough, a 
oumplaint of thi« kind is to be sospectcd. 

Of the ejfvtls that Medicines have upon Horseg. 

Mr. Hnyoa' gnvc to a horse of his own, which had a locked jaw, 
Dover'a powders Jij, Oamphor grs. v ; the horse sweated very much, 
but (liod, Mr. Hayes was of opinion that if he had only given him 
ono draehm, it mi^ht luivu recovered him of his complaint. 

Dr. Chadwiek told me tliat ho killed a horse in a few minntes by 
giving a jxiund of Epsom salts, and thut be could not in tlio least 
Mcuunt for hia death. This weis certainly owing to the solution 
citliur getting into tho lungs, or stimulating tho glottis so much as to 
hinder anything from passing that way. 

1 um informed by tho tjuriers, who, when giving drinks to their horsea. 
Km finit obliged to raise up tho horse's mouth so as to allow tho drink 
to desocnd to the throat, that they ore, in general, obliged to lot bis 

' IPruUilily Mr. Haym Uie SnrgKon, who, coiuuiutlj litli tlunhr, gsrc an ih<- 
euitnl of the diomition of the vyea of KIim C. Itnulibjr, in tliv ' Hcdicnl Oburvaliinu 
■ndEuqiiirira,' vol.iii l>. 121,1, ITIii. Patliolugiral Pn>|iBmlioiipiii Spipil, No, ^i4J.] 
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head down ngfdn that be may swallow it ; and they ofton find that 
Bomcthing lias happened in this operation, which has distressed tho 
horse mueh. for boforo they can gire him another they arc obliged to 
let Mm teeover; and some horses arc some time before they do recover. 



Or (he Ass. 

With respect to this animal I hare nothing new to say ; since tt is 
in every part of Europe nearly tho same in size, colour, and habits of 
life. In Arabia and Egypt this animal is much larger, fleeter, and 
more beautiful than in Europe. Its faTouritc food is tlic alkaline 
plants, which ore produced in great plenty ; and for drink it prefers 
saline springB to fresh water, Thie animul siifFers great violence on 
its natorjl habits in being accustomed to these northern countries. 

In the reign of Queen Elizabeth, the breed was extinct in this 
kingdom ; and, to this doy, in Norway and Sweden, on ass is never 
aeon but as a curioGity in tho stables of the great. 

Economy of Crows'. 

The male and female both sit upon the i^s ; probably tho female by 
day and the male by night ; for the mole appears to bo tho one that 
goes in quest of food and feeds the female ; probably while she is sitting ; 
bat he eortuoly fec-^ls her after the young ones are hatched. When the 
young onea arc hatched, the female sits upon them, and the male goes in 
qnest of food for the whole &mi]y. WHien he comes home she leaves 
tlic nest, sitting either on its ei^ or on a neighbouring bough, and 
flutters her wings for food to give the young ones, like a young one 
that has just flown ; and bo gives her some, but appears to give no more 
than what she takes for herself. Then they both go to tho side of the 
nest and feed tho young, who stretch up their necks with open mouths. 
They eeem to put it pretty far down the young one's throat. If tho 
qnantity the male has to give is in small portions, as worms, d.'C., he 
seems to give, from his throat, each liis share, and thea flies away for 
more. If the portion of food bo too large for any one young one, tho 
parents both tear it to pieces, and then feed tho young with it. 

If the male is long in any of his returns, the female seems impatient 
and sets off either for herseif or for her young ones. They bring the 
mest in their throats, which makes a considerablB lump at the root of 
the lower jaw. 

' [Ai HuDler'a obsEirvationB relate exdusivcl; to Llie Corvui /rugiliyun. tho (win- 
non luune of lluit aodol Bpcdn will be mbalituletl for the torm now imuilly >p|iliod 
solilarj Corvm rm-OBc) 
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It is cuhous to sec how the female ia employed while the male is 
abroad ; especially when the young are very young. She sits occa- 
BiODally oa them -, but occasionally goes off and looks over the nest, 
removes any excrements and cIcoiih tbcir feathers ; for, at an early 
period, the young are not able to throw their dung over the nest. The 
mark of distinction between the male and female is the voice. The one 
that stays at home has by mach the softest voice. 

When wo esamine Nature in her operations in things that have an 
affinity, we find this affinity not only in one thing but in many, if not 
(in a lees degree) in all. Let us take the rook, for example, and see 
how far in their economy they have not a very near aflinity to the 
human kind ; however, so far only as their instinctive principles are 
allowed to act. 

Rooka are instinctively social animals : they herd together, have 
their distinct colonies or villages ; and the only distinftion betwixt the 
economy of the rook with her bouse and the human Ih, that the rook 
only uses it in the breeding season, having no other use for it. 

Rooks not only associate with one another, but they in some degree 
nasouiate with Man. They often build their villages near or in towns 
or villugea. 

Economy of Humble-bees. 

This insect is a striking instance of the union of the different parts 
of nature with each othu', each part acting immediately for itself, yet 
collecting for others, and each depending on another, making in the 
whole one uniform machine, although made up of many and various 
parts. 

An early spring brings forth a vaat variety of things upon which 
there is a vast variety of unimaU to live : it brings forth flowere, it also 
brings forth the bumble-bee. 4o. 

The hiiitory of this bee [ Bombtu terTfutrit^ does not interest us nearly 
so much aa that of the common bee' [Apit mrllijloa^, neither ns to 
curiosity nor profit ; therefore it is not ncceasary to be so circumstnntial 
in the facts ; for the humble-bee duos not deserve the admiration 
(when known) that we would naturally bestow upon it from a alight 
ucipiaintance ; for there are some things wo should suppose belong to 
its labours which in i*ality do not. 

1 imagine it is not so universal as the common bee, for it is not worth 
cultivating or transporting from one country to another. Tlioy huvn 
the same bee in Newfoundland, both the dark cross striped with brown. 
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and the brown ; and therefore it is proliably a bre of a told cUmat* 
rotbc^r than of a warm one'. They propagate there in the Muno manuor 
HB they do in Britain. 

This genus* is the larguatinBizeof the bco-tribe in this country; and 
pTohably every country may have its humble-bep, and it may also Iw 
thi! laigmt in that country. Tlicy are male and fcmalo. The females 
are of two kinds : viz. queens which are annual, and labourere whii'h 
are semi-annual, and which breed along with the queens, which is at 
ooQTBe m the same year in which they arc themselvea bred ; this I 
hulicvo not to be the case with the queen/i, Ihcy IwLng bred themBOlveB 
too late to breed the same year. 

They coiae nearer to the specios of the common beo than to any of 
the others, coniiidcring the bee as a tribe, being composed of queen, male, 
and labourers; hnt there appears to be a gradation in this tribe of 
insects, one leading into the other. Although there are bees whoso 
size and shape entitle them to tho term of humble'becs, yet I shall 
consider none under this tvrm but those which form a family, alt the 
others coming under the appellation of "solitary bees." There are 
diflerent species which go by the name of humblo-beee. The distinc- 
tions which would make us suppose there were different species are 
their siee and colour, with a difference in the length of tongue or pro- 
bosciii, hut probably the colour is mostly to bo depended upon. But 
this [[uestion of species is to bo determined with certainty, every bee 
la a hive being of the same species, although we shall find great variety 
in size in tho same hire, but then not in colour, shape, and length of 
proboscis. I believe the humble-bee has the longest proboscis of any 
of the bee-tribe, by which it can suck the honey from fiowora whose 
cups are deep. 

In a hive consisting of 157 female humble-bees, their proboscidea 
were nearly all of a length, proportioned all to their suie, hut not of a 
very long hind. Long and short proboacidce are common to both female 
Knd male ; but I should suppose that the female of any one species has a 
longer proboscis than the male of the same species ; for in the above hive, 
where there were only twenty-one males, the proboerides of these males 

■ I conM^re this tve fonnB a genui even id this coitntr;: if they are all ana 
(ptdea, llien Iliwe are lome varietiw ; but this I doubt, for no one hi*e ha« any Tariff. 
Jet 1 wuld nmcdvo tliat the Dun might be a vuietj. [I^treiUe hu lanctioned thi> 
oOfTecUicH of this opinion of HiinMr'a bf the fonnatioa of a distinct genu* [Simibiit, 
LMmlle) for the reception of the difibrent apeciee of humble-bee, ] 

■ [This conjecture haa been subfeqiientJ; confirmed by (he csptuFO of a ipeiaeB 
of huinble^boe in the moel northirtj Inlitudea jet Tuited bj arctic YOyagers. — See 
Rirlij'i> Ddcriplion uflhe liise<-l« collected in Cnpliiin Pnrrj'e Northcni Eipcdilion.} 



02 



HATTRAt HI9TORT 



were shorter, especially the sucker. The proboscis has a sort of fold- 
joint at the head, by which it can bo considerably lengthened. It is 
the femnleH, us alxo the female workera, similar to all the females of 
the boe-tribe, only that hare stings, none of the males having any ; and 
as it is the females only that are employed in the oeconomy of the hive, 
it is only those that are furnished with weapons. 

The humble-bee is mure a dcfenaivo than an ofTensive animal. I 
believe thtjy seldom attack, only sting when laid hold of; and their sting 
hus very httlo effect either OB to sensation or sweUing. When attacked 
they throw themsolTes on their back by first raising one side, and also 
raising the legs of that side, and then they tumble over. They are very 
hardy, and labour iu weather tliut the common bee will not go abroad in, 
and this is owing to thoir having but little store, and their heat much 
less than that of the common bee : and for the snjue reason they work 
much U'tter jn the evening than the common boe docs, but not near bo 
late as either the bomct or wasp ; for they are not in constant employ in 
finding food for their young, as the young feed ttiemselves, and they 
have store for immediate use for themselves and the young bees as they 
hatt^h. Tbey will not admit of being removed &om their first situation 
to another ; for when removed with the whole hive, as ulso with all the 
bei«, and confined under a shade for some days with their cells filled 
with honey-food, they gradually leave it, but do not soem to go back to 
thoir former situation, if it is distant half a mile ; from which cireura- 
Btancc. and from all tho labourers djing, and the queen leaving the hive 
in the winter, they are not capable of being domestiaited. They are 
not fond of having thoir hives meddled with or disturbed ; for llii-n they 
appear to get buy, and do not breed so fast, tbelr combs or cells not 
answering any future purpose, not being what I have called ' the furni- 
ture of Uie hive,' as in Hie common bee. From these tircumstancca they 
are much mure liable to aocideut, as also &om tlieir mode of forming 
their hives, which is hable to many aeeidenls. 

A wet season shall drown many hives, by [their] being begun by a 
Mingle bee, which is tlie mother of the colony, and which at first 
Inboura abroad ; but if killed, which is often the oaee, the whole falls. 

It would appear that they are attacked by their own species; for in 
the plaee where I enticed tlinm to build their hivos I have found 
another queen dead, which I supposed to have como there to take 
pomesiion. but to have been killed by tho other queen and her offspring 
or labourers, who then were but few, being mily two or three. They 
eollect honey for store, but it is not of such extensive use as that of the 
common bee, although for a timo answering the same purpose. 

A family is fii-st tiegtm by a simple female, not coloiiixiug like the 
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ainunon be«, but she ie uftervords assisted by her own oflspring. She 
IB very npaiing of her labour, as also of tfaut «f those whiL-h she broeda ; 
for 1 believe she never mokes any proviaioii tii have her hive formed, 
but in making it often chooses some acddental place, aa a mouse's neat ; 
and, although we find cells, yet these are not formed by lier, but only 
by the maggot going into the chiyaolis state : so that they appear to 
have been more busy than what they really are, for the whole of tlio 
colls are fornied by the yoimg maggot-bees ; the queen's whole labour 
is the formation of one cell of wax, bringing in farina, and layiug egg«. 

It is t« bo remarked, tliat when I sjieak of (A«y or (/(««, I mean 
principaUy the labourers, although the queens may often be included, 
more espediUly at first, when she is beginning to form her colony, but 
never the malce ; for the variety in the actions of the humble-bee, or 
the (economy of the hive, belongs chiolly to the labourers. 

There are two periods where we may begin the history of the hiunblo- 
bee: Til. either in the autumn, when the female is copulating, just 
before she goes into winter- quarters ; or in the beginning of summer, 
when she comes out to propagate, which last is the only time that can 
be called a beginning of their history, as the going into winttr-qiiartcrs 
is only a simple act of a young queen bee, but which I shall begin with, 
because it leads to tlie coming forth in tho Bpnng. Wu stmll find thut 
the labourers are capable of breeding tho same season, which produces 
a variety, as also an irregularity in the history of this bee. 

Of (he Winter Habitation of tlus Queen. — None but the young queens 
live through the winter : they leave their hives, and go into such places 
as instinct directs them to ; but as those places ore what may be called 
hiiUng-places, they are not easily detected. Not fiuding any on the 
taking down of old houses, nor in the removal of old brick walls, nor 
being informed by carpenters and bricklayers in the country that they 
ever observed any, I gave ordci-s to my gardener to observe, whenever 
he took dovni any bank or dug up any old dry ground, to have an eye 
on this subject ; and two humljle-bcea having been found in the winter 
in the bank of a haw-haw, therefore I conceive a certain degree of 
moisture is necessary for their preservation. Their holes are, I believe, 
such as have been made by moles, and probably shrews and land-mice. 
It would appear they go to them at once ; for we do not find humble- 
bees flying about in autumn in search of such a place, as we find them 
in the beginning of summer in search of holes to form their hives in, — n 
aleeping-place in the winter requiring less of everything than a place 
for the hive in the summer, although there are at this season fifty 
qticens going into winter-quarters for one that uimes out. 

According to the state of the weather in the uutumn they go sooner 
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or later into their winter- quarters ; but if the nutuinn is i;old and wot, 
we find no humble-bees fljTUg about in the hitter end of St^tember. 
In the autumn of 17!)1 I found the humbk-hec but little abroad ; and 
on the 28th of August, in digging a bank, we found a large humble-bee 
about a foot bejond the surface of the doelivity. It appeared at first 
dull and inactiTO. but when hctd in tlie hand and was warmed, it flew 
away. The weather had been showery, cold and windy for some time. 
I conclude that this bee had taken up its wintiT residence, for it could 
not have any home to go to. They remain in those plsees through the 
winter; but most probably not one in a hundred IJTe through the winter, 
espcdallj if the season is either severe or wet. 

Oft!ie Time whni thfy eomt fiirth, — They continue in their winter- 
quarters till the weather becomes warm, which is in the spring; how- 
ever, they sometimes come forth in good weather in the winter, but go 
to rest again most probably when the evening grows cold. About the 
bc^^nning of January 1787 a humble-bee was found in the grass veiy 
weak ; it was brought in and put under a cover, hut it died. On the 
15th of the same month another wus picked up, which wan a large 
queen, and very lively ; that was also put under a cover, but it slowly 
became weaker, and on the 20th of February it died ; it had no fat in 
its belly. It is probable that those that carae forUi m early had not 
provided for themselves sofflciently in the autumn with a store of fat, 
and were obliged to come forth in hopes of food. In ITarch I found a 
humble-bee in a foiving-houae, on the flower of a Pcraian lilac ; it bad 
come in ot one of the windows, and was probably drawn there by tlie 
scent of the flowers. It was a large female or queen. It hud a quantity 
of granulated fat in the abdomen, but not so oily as in the autinnn. 
About the middle of April, when the apricot and peach hloonis are come 
forth, then we find humble-bees ; but this depends on the season, for 
in the spring of 17U0, after ft veiy mild winter, as also a mild spring, 
when the apricot and peach blossoms were blown before the middle of 
March, we then had the humble-hoes flying abroad. About the latter 
end of ITarch ur beginning of April the humble-bee is seen Hj-ing about. 
At this early season we find them on the bloKSoms of trees, 4e., but only 
encking for their immediate food, as they have not yet fixed on places 
for their hives. At about the beginning of May they fly about, and 
new to the ground, then lighting upon it, ereejiing upon the earth, and 
going into the holes of walls : these arc in search of proper places for 
tlieir summer residenceB for propagation. Such bees ore all females, 
and of the largest (die, but they do not seem to be at this time ready 
for propagation, for we seldom find any hives till May. 

In their times of propagation they are not ho i-ogiihir an Hjc eomirioii 
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bcp, for Uiey tumiiit begin till the season will allow, having no [iroviaion 
in store. I fuiuid in the Buinuior of 1791 some joung homble-beoa 
abroad about tliu Iwgfinning of June, viz. small ones ; and nft«r this 
period we seldom find the first or large que*ns abroad, and whon they 
do come oat, I suspect that they have been disturbed or have had their 
first hivM destroyttd, and that they are beginniii|i ani-'w. 

Of the SUwthn of thtir ffiu«.— Their hivL« arc found in Tarioua 
Htnatiinis. They arc in holes in the earth, cwppcially in dry bonks, in 
holes in walls, in thabih, in hay, in dry dung on the ground, at the 
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The same species will build either 1 
have found the queens in both, as also i 
they choose, they are commimly led thei 
than simply situation, or else probably situation would bo attended with 
I«B variety ; hut it seeniB to ho more the niatfriuU of the nest that 
inducethera, than this or that situation; for often, oralnio^ always, when 
they eon, thej- bnild their first or honeyeomb in an old mouse's nest. 
What makes me suspect this, is the similarity of the materials between 
their hives and a mouse's nest ; and a servant, who had orders from ine 
to preserve every mouse's nest as well as humble-bee hives when mow- 
ing, found a mouse's nest in the meadows, and upon opening the moss, 
dried grasB,>tc., he found five young naked mice, ond with them a humble- 
bee, which immediately flew awoy : this was in the month of June, 
This bee roost probably would have put up here ii' there hud been no 
mice ! or if they had been further advanced, she might have mode thorn 
leave their quarters, I have found them in a rat's nest under ground*. 

Upon this principle I made several experiments to entice them to 
certiun places, in which I succeeded. For instance, on (be 4lh of June, 
I dug small cells or carities in the ground, and bored a hole aslant into 
each of sufficient size for a bee to enter. Into tlieae cavities I pntaome 
fine sott hay. and covered the cavities over with a flat stone or tile ; I 
found humble-bee hives in several of thciie, for I hud only to roiae the 
stone <n tile and examine the hav. The first thing I observed in those 
carities where breeding was going on, wsa, that the hay where the bees 
had t&kon possession was perfectly dry, while in the others it was 

• Allhougli Iho humblB-bcra woiiid nppeor ot sU the bee-tribo to be the grCBlast 
■lovens ill thuir mode of propogBtioii. yet m(wt probnbl;. like moit alovens, Uicj lake 
man poiiu on the whole thon manj of Ihc others. The repilar and metbodiool way 
in whioh ihe cominon brc, the wiup, and tlie hornut begin thnr hives, apiwara to 
pre but liUk trouble itftvrwHrd>. There Mcmi in the humble-lwe much more IdH 
(o tSo iiutinctiTe principle, tu thcv im on, pIiIht of Ihii .voiiny or l.de mplhcr, llian in 
llin abi>«e-nicnti'Hied «|«'i-ioi'. 
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moiildy. A hole wna to be ohservisi either at the top or at one aide, 
leading into the centre of the hn}' ; the hay itsi^ll' Burrounding this bole 
wos more rcigiilar, and as ii' turned roimd the hole : and this land of 
regularity was carried down some way where the cell wan formed, for 
honey-Btoiing and breeding w^erc begun. Aa thift hay had been put in 
invgularly, the bee muet have produced thia regolitrily ; and, I imagine, 
by twisting hornelf round and round, hu aa to give the hay for a little 
space round her this circular form. By this contrivance I (wuld at any 
time examine their progress : but they do not always confine themselves 
to places where the materials are collected for tliera : for I lun of opi- 
nion that they may have the power and disposition to collect materials 
for tlicmaelves. 

However, I am apt to think that they are directed to situations by 
some favourable circumstance ; for in one that had built its nc&t in a 
laarel-bDsh, it bad been led tA thia situation by the nest of a bird that 
had bred there the preceding Buromur ; but the bird's neat was filled 
with moss, which waa carried higher than the brim of the nest, and in 
the centre of this site (the bee) had deposited the materials and hud 
her eggs ; but the question is, what brought the moss there ? I con con- 
ceive it possible for this collection of moss to have been the labour of a 
moose ; aud 1 am inclined to think that tbey (the bees) may not have 
the mode of bringing soft matcriala for the hive; for in some which I 
found underground, whore the straw had been either vciy scanty, or none 
at all, they hod covered their work over with a sheet of substonoe like 
farina. However tliey may wish to cover their combs, &c., when exposeid, 
with such soft materials as they can get, yet I do not imagine they 
bring it from any distance; for I believe they have not the power of 
carrying it : I rather conceive that they scrape, aa it were, what ia nonr 
them along to the hive ; for 1 have put their comb on the ground with 
very short grass, and they have with their fore-legs scraped the gnias 
under them, and in this manner they have gimo bockwards with it 
biwanls their hive and covered the hive at Inst. 

In the hives under ground I have observed that thej-fonn a covering 
for the whole. This covering ia a very clumsy one, yet formed in some 
degree similarly to the external covering of tlie neat of the woiip or 
hornet ; the external surface having a kind of obllijue hoUows pnaang 
upwarda, but which do not pass tluuugh. However, this covering has 
HGveral passages through it, through whii-h the bees pnas : it is rom- 
posod, I imagine, of the farina, at least it has the same visible pro- 
perties. I should suppose the intention of tltia is to keep out the wot 
that (tiiaka through the ground ; for in such situations they have but 
little hay or moan. lu some uctAa which I liuvc moved from under 
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grouini luid [ilaecd on a tile, covered with a garden-pot, above ground, 
juat at tlio upeoing of the passage by whli^ the beos t'ormerjy entered, 
I liBve observed them to have covered their comb or eeU with a aheet 
of thU Dubsf imw, and I have fuund that they have romovod it again. 

Tbtur nent is always begun by a single female, which was one of the 
last year's brood, and is inhabited only one eeoaon. When the proper 
place U fixed upon, and Uto moss or hay (when there is such) la no 
prepared, as above described, in the centre of which she has formed a 
small space, or kind of cavity, then into this cavity she firat makes n 
large cell or hollow ball, about the size of a nut (some larger), in which 
she deposits some honey, and often covers it entirely over'. This globe 
is made of wax, and is, I believe, the only wax she furms. It melts by 
heat, but is commonly softer than the wax of the common hoc : nor is 
it so white, but appears of a dirty ycUuw, whith I suspect is owing to 
its being mixed with farina, somewhat sunilar to what the common bee 
covers the chrysalis nith. This lioney would seem to serve tlie queen 
as a reservoir or magajune of food, when the weather is too bad for bor 
to go abroad ; as also the first brood of bees, when just emerged from 
their pod. till they are able to go abroad ; which puds cow become 
reservoirs for honey for the tirst brood as they come from the chrysalis 
state. Having formed the hollow globe, she then begins to breed, and 
one would suppose to form her comb. 8he first brings in some t^rina 
on her hind-legs, similar to the common bees ; but I think she gathera 
it from a greiiter variety of flowers, as it la composed of a greater 
variety of coIuuib and consistence when c 
mixes it with some juice, for it is n 
and is of a dirtier colour. She now 

m^ass a little way trom the hollow balL On this substance she deposits 
her eggs, one upon another, lying parallel, and then covers the eggs 
with the some kind of materials, formiiig a cavity in which they lie. 
There shall he half a dozen of tliese eggs or more in this little square. 
This becomes the basis on which all the future cases are formed. 
These eggs, so deposited and covered over, hatch, and produce a 
maggot ; but in what time the egg is hatched after being laid 1 do 
not exactly know, but 1 have reason to believe their progi'csa is pretty 
quick; lor in those which I have examined at different times, I found 
that such as had been luid on the day ,of examination had largo 
maggots on that day fortnight^. When hatched, they leave the soft 
Bhell of the egg in the cavity in which they are contained. This sur- 
rounding substance is the food of the maggot, aa it ia of the common 
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bee, only thtit the present spedoa feed themselveB, wliilo the laboure] 
in tUo common bee feed the maggot. They feed upon the inner 
of the surnrandiDg masa, by which nieons tley increase the cavity as Ihi 
themselves grow ; and as they destroy the inside, the old onelayamore 
the oiitsido, 80 ae to keep tliem always covered, which both incloBCfl thi 
and servcB them for food ; and as they grow, this square mass becom< 
larger, commonly of an inch or more square ; so that the humble- 
does not feed her young as the common bee, wasp, and honiet do. 

Their growth is pretty quick, for in abont two weeks after HatohiJ 
thoy are ready to go into the chryaalia state. like the wasp, homi 
and common bee, their excrement is left in the eeU, and dries, whicti] 
has often the appearance of bee-bread. When pretty large and read)p| 
to get into the chrysalis titate. they have almost ate n;) thoir sur^j 
rounding materials, which now make a very imperfect covering for thcraf 
each maggot being of fiiU size. 

They spin themselves a covering, which is at first attached to th6' 
inner surface and edges of the holes of this maMs, in which I have 
detected them in all the stages of the formation of the cell, whieh is 
similar to the food of other chrytialiaes ; but as there is a series of theso 
colls, andasthey afterwardacontajn honey, they have, I believe, been eon- 
Ndered as formed by the old bees for the purpose of breeding. Haviii| 
now covered themselves over, 1 lielieve that the old one, o 
move that part of the muss whieh remained ; for the coils boeomo clean 
on the outside, excepting on the under surface, whieh forms a 
between them, and, I believe, allows the cell afterwards to contain 
honey the better. Tliis cell la a eomplete cavity, similar to all that 
moke an entire pod ; not similar to the bee, wasp, or hornet, which onljr 
line their eell formed by the labourers, and do not line the bottom. 
These ctlls form a very regular cylinder, rounded off at each end, 
are verj- Btrong and thick in their coat. They arc united at their 
bottoms to each other with a brown substance, whieh, indeed, covers 
the whole bottom of the cell : in tliis cell they cast their last maggot- 
coat, and change into the chrysalis state, plating thoir head upponnost, 
and in about eight days they are ready to come forth. Before the Ikm 
coroes forth from the pod, the queen deposits on the upper surfae*? and 
towards one edge of this square massi of pods, n mass of fnrina, in which 
she laya some eggs, which she covers with the same materials as Uefon?., 
Tlicitc cflla arfi placed at the beginning imnillel to each other prcl 
Kigiilnrly, forming the first batch of pods, and arc small ; but thi 
liecomo more and more irregular as the fonnation of the maa* 
torUa procoetl*. When the chrysalis boa formed all the parts Iwlongii 
■itko bee-state, it emergea from this cell or pod. tlirowlng off. 






OP TUB nvuBLE-am. 00 

crcL-ping out of the chrj-salis coot which covurcd them in this state. 
It rmiaircs a great deal of labour to gut out of the c«ll ; thej am 
obliged to tear and destroy the upjier end with their lateral teeth or 
pincers: ive can hear them at work before they have made an opening; 
aiid when their heads have got through, but not their body, they 
work at the edges to eolai^e it. As the maggot is constantly enclosed 
in this mass of farina, it is not so easy to say when it changes into the 
ehrysftliH state, but now as it forms n well-formed cell for itself its 
progress is more detectable. la the common bee, wa»p, i^c, the change 
is known by their covering the mouths of their cells ; but in the 
humble-bee they enclose or line the cell of buina. Those cells, {mm 
whence the young bees have emerged, I have observed become a de- 
posit for honoy for the whole hive in wet weather, and for the young 
boea thut are bred in future. As the celts are to contain honey, they 
are strong and durable in their substance ; but that it might retain 
Quid honey, it is lined with a substance ; and to render the honey more 
aecure, they often cover over the mouths of their cella : likewise deepen 
many by raising their edges with the same kind of substance that forms 
the firat cell or globe, 

When the young bee comes from the cell the hair is wet, bnt it soon 
driM. Those parts which are (afterwards) of a dun or brown colour, are 
at this time white, but in a short time they become brown. For some 
time the young bee seems incapable of flying, and is provided by the 
mother with honey, which they begin to lap as soon as they emerge 
from the ecU; indeed I have put honey before them when only the 
head was throngh, and they have lapped it up : but they are soon able 
to asnst the mother in collecting materials for the further support of 
the increaaing family. The dab of farina, which she placed on one of 
tb« Oc^^ of the square mass of chrysalis -cells in which she depoaitei! 
her eggs, is kept increasing as the maggot grows ; she goes through the 
same process as before, forming another batch of cells on this edge, 
which docs not accord witJi the first mass in regularity in any way. 

The queen is now assisted by this her first nl&pring of labourers : 
they assist in bringing in honey t^ fill their own ecUs from whence 
they came ; they also bring in fiirina for a new or ttiird offspring, which 
is placed upon another edge ut the top, or on the top of one of the 
chryMlis- cells into which she deposits her efn?"- which goes through all 
the above- described processes : and, while the chrysalis b completing in 
tho second batch, they arc placing their dabs of farina on them for a. 
fourth : and so thoy go on increaaing their number of batches, aa also 
the cells in the same proportion. 

This mode of increase of cells by djffi.Tint batehcj, obliges tlicm to be 
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vprj- iiTcgidnr ; foi' iillhough each liatch has a kind of oorrespnndiiig 
regularity rcspcctiiig itself, yet it has none respecting that on which it 
is placed : bo that by the time that they have done brooding, the whole 
makc« a vtitj irrcgnlar mass of cells, the fii'st cells being undormost ; 
and as new ones become completed by the successivo births, they wc 
neglected, and, from their situation, they are allowed to monlder away, 
and often they become the nidus for the eggs of dies. 

To ascertain with aceuracy the cireumstancoB attending their in- 
creaae, I continued the before-mentioned mode of enticing them to 
proper places, from which I had on opportunity of examining a gn.'at 
nnmbcr of hives at dilForent periods from each other, so as to bring out 
what Was going on. 

When wo observe the prioress of the hives only, we find that the 
first and second tier of chrysalises in their cell are very small, being 
those of hihourers ; that the second or third tier are larger, which are 
principully males ; and that the auececding and upper tier are com- 
posed of much laiger chrysalises, which arc the young queens. The 
female labourere are of very different sizes ; the males are all nearly of 
the same size, as has been already observed. Afler the queen has mode 
some progress iu the hive, wo find two kinds of females with moles ; 
therefore there mny be said to be in each hivo three different kinds of 
bees, having throe periods for their production and Lives. The smoU 
females and tho males are produced ftrat, and the qnecns lost. In the 
month of June we find nottung but small bees, but in Jnly, especially 
shout the latter end, we find the large chrynaliB-pods, and also young 
((ueens. 

r before observed that the bay, moss, &c. pkccd to attract the 
humblo-boes was dryer than the hay in Eumilar situations without the 
hues : this ia owing to a greater degree of heat in this inhabited place 
than tho heat of the part abstracted from them. I found the difforonce 
near twenly di-greca. We may observe, that no insects inhabit such 
nests ; the pUice shall be surrounded with ants, grubs, &o., but none go 
lunong the hay or cells ; but tho moment such a nest is forsaken, Iho 
honey, maggots, or elirysalises am immediately det-oured. 

Of the Food 0/ iht Slti'jrfot SumbU-tiee. — It must have appeared, from 
what has been aln^udy siud respecting the progress of propagation, that 
tho fiuina of plantit, whieh they bring in on tlteir legs, is the fcmd of the 
maggot, fur I have found it in tho Htumaeli of tlio maggot 1 but it often 
■ooms to difler fWim that on the legs in eonsistrnce, although I bavo 
found it in some the same to appearance, being vorj- different in different 
bees as thiy are collecting it. It does not dry as tho farina dues, but 
keeps nenrly of tho some moisture, similar to the bee-bread. Probably 
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tht-y mLx it with Home juice that does not diy readily ; or, to prevent lU 
drying, it is ponsible they may mix ttwith the juice uf some other plants 
which does not dry ; for Lnetanoo, the inspissated jiiieea of the leek and 
onion do not dry. 

I took eome of the materials that eRcloaed the maf^^t, and some of 
the matter from a humbte-Lwe'a leg, and pat them on a piece of clean 
white paper, and burnt them to see if they melted, and all smelt aliku : 
the muteriuls &om the humble-bee siaggot melted a little, and burnt, 
and gave a pretty somdble smell ; that from the leg of the humble-bee 
mueli tbe same, only it did not smell so strong ; but their scents were 
the some in quality although not in quanti^. This snbetance is both 
their food and their covering. 

To Boc if there could be estractod anything like was, or even oil, I 
boiled a very large hivo, and got a very small quantity of a substaacc 
that floated on the water ; and when I had dried it, it hardly melted, 
although it did in a small degree, and burnt pretty clear, by leaving a 
tolerably largo cinder ; but I conceived it had [was]. 

In one of my places which I made to entice a female to begin her 
colony, after she had formed her hive and bred several small bees, I took 
from them the whole comb to see if they would set about a new hive, 
which they did : but on esamining it on the 12tb of August, I was 
astonished to find there were no yoting females, only the large queen 
and labourers, nor were there any large cells containing large bees in 
the chi^-salia state. I examined the hive again on the 8th of Septem- 
ber, when I found only one queen, with several labourers and males. All 
the chrysalises wero come forth, and I obaen-ed one cell which I con- 
ceived had lielonged to a young queen, Why she did not breed queens 
as UBQul I cannot ima^c. The queen was veiy weak, not able to By, 
and died the day after she was tjiken, which would npi>ear to be much 
sooner than the qnueas of former hives died ; but when there are many 
young queens, it is not ao easy to ascertain when the old queen dies; 
and probably this circumstance ptp lnin n it, and she had lived her na- 
tnral life. In June I took away from a hive, where there wero a good 
many bcoa, the last-formed chiysolis- cells, which either contained males 
or queens, to see if the future were to be all queens ; bat they appeared 
to have become lazy. 

To ascertain whether any of the labourers or young queens laid eggs, 
1 took the whole hive of bees, and examined their oviducts to see what 
state they wore in, and I found but one queen whose oridncta were fiill 
of e^s', which made me conclude she was the mother of the whole; all 
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iLo other quetns liuving bdwU oviducts and emptj, or nt least no <^p8 
fit for laying ' ; and I found what I did not expect, via. that some of the 
lubourera, even the smulIcBt, had their ovidncts full of e^s, and others 
ivith none. This observation led to the following experiments. I re- 
moved the quocn al^r she had bred some labourers and maloH, and akn 
every maggot and egg that lay on the comb : this being done, I found. 
in about a week aft«r, dabs of farina with eggs and maggots: these 1 
allowed to remain till about the 8th of August, and upon examination 
I only found six females and seven males, one of which had just come 
forthj which males I think were smiUler than common. There were no 
queens bred by the labourers, and I observed that they did not continue 
the hive equally with those whose queens were left in the hive. There 
always became fewer and fewer of them till the whole hive was dc-eoitod, 
probably about the time the quocn would have begun to breed young 
quecna. This experiment I have repeated, and with the sumo 
success. 

0/ thtir Copulation. — On the 1st of August, 1789, having before 
taken a hive with the whole bees and put them under a large glass 
shcide, they went out and into their hives ; but one day 1 saw a largo 
bee on one of the wdes of the shade, and another, as it were, standing 
on its tail with ite four feet on the back of the otlier. Suspecting ihey 
were in the act of copulation, 1 caught them botli, and imme<li8tely 
immersed them into spirita'. The male did not let go his hold, and they 
both died in this [Kisition. 1 found the two holders fast ou the sides of 
the begiauing of the vagina. The sting of the female was, ns it wero, 
pmjeeting between the two : this woh at u period when bree<Ung w«» 
over; for in this hive there were neither miiggota nor eggs, and only a 
few chrysalises, so that copulation could answer no good purpose for 
this season, theroforo only fitting thcnn for the nest. As wo never find 
them copulating abroad like many other insects, it is reasonable to 
suppose that tbcy copulate at home, and moro especially, an they will 
by this means keep to their own family in their propagation. 

About the latterendof August the humble-beea aiv becoming indolent 
or inactive, more especially the malos. This indolcnoc increases through 
tho month of September, and some way into October, if the weather is 
tolerable ; but by the middle of October tliere are hardly any to be seen. 
Tlio mides ore now many more in number than the lahourors, about eiglit 
or ten to one. On the 2dth of August 1 caught tliirty bees, and only 
one of them was a labourer. Tho males about tliis period get into laigie 
tlowen, probably for food, such aa the flower of the hollyhock ; but not 
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flndiiig much, dad the wcatter becoming cold, and having now hardly 
uuy liuroe to go to, they become benumbed and die, 

To ace what would becomo of ihem, if I were to take better care of 
thorn than the eenson now allows, I had caught for me, throughout the 
month of October, nil the humble-bcea that could be found : 1 put 
them under a large gliws, with honey for them to feed upon, which they 
did, but they all died in the eouree of some days after being confined. 
The intention was to see what bees lived througli the winter and what 
not. It was in these trials that I observed the disproportion between 
males and females ; they both died equally fai^t ; and of the females, 
whether large (whieh I supposed to have liccn the last year's) or email, 
they died equally soon. Most of them died with the proboaeia erected 
or elongated. 

Of the Proyi-cts of Bfeediiu/. — The progress of breeding appears to be 
in this manner : the tirst step is the female bee of the lust year's brood, 
which has lain dormant through the winter: she begins tlie hi^'c; 
and the first brood are the small bees or labourers, which assist the 
mother in the labours of the family, bringing in farina for the future 
maggots, and also probably honey, to fill the pods or tells from whence 
they como; and, towards the latter end of the season, they even lay 
eggs, Some males are in the nest to impregnate the breeding labourers', 
and then the young ipiecna are bred. How far labourers are continued 
to be bred along with the males and young queens I do not yet know, 
but Z believo some arc, for I have found small pods or chrysalises along 
with the lui^. I have reason to suppose that the males g^vo no 
assistance to the females in collecting either the farina or honey i I 
have never been able to detect a male with farina on its legs, although 
1 have esamined many hundreds. Nor do 1 imagine that what are 
to be the next year's queens give any assistance in the year they 
BTO themsdves bred in ; indeed they arc hardly bred early enough 
to breed much that season. 

Economy of Hornets. 

The hornet ( Vaipa Crabro) and the wasp ( Ven^ta viilf/aris) ai'o two 
spceies of the )>ee-tribo. yet they are so much alike that I could almost 
suppose them the same species. They are much more so than any 
other two species of the same tribe. They are exactly the some in 
fonu, and nearly so in colour; and their anatomical structure, mode of 
life, food, offence and defence, structure and materials of combs, and 

' [Further eiptrimciit ami obserTBlioaniB.T bereqiuaitclocslabliali tliis necesMty.] 
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muJe of feeiling the joiing, nre nearly the same. This is so miith iLo laso 
thiit a history of the one would almost answer for the other. The only 
diiforence appears to he size, the hornet being hy much the lai^est : 
the situation of their nesta may lUSer, olthongh that is often the isame 
in both ; the hornet commonly building its nest in some diy cavity, iia 
in a summor-houee. hollow of a tree, &c., while the wasp commonly 
builda its nest in the ground; eons etimcs, however, in the hollow of a tree. 
Hornets are much fewer ia number than wospa, although they appear 
ta breed as many young ones. The only reuaou I con assign for this 
difference is that the hornet builds its hive in very conspicuous places, 
and it is therefore much more readily destroyed than that of the wasp. 
Or, probably, the winter quarters of the queens are less secure. 

Of llie Hornet's Hive, — The hive of the hornet is very regular 
building ; for as they commonly build in on area where there ia room, 
they are not enciunbered. It is commonly attached t-o some surface which 
composes the ceiling of the area in which they build. The complete 
stnicHire is a ball nearly round, but mther longer from top to bottom 
than from side to side; from about 12 to 15 inches in diameter. This ball 
lias not a regular smooth surface, but has a great many openings leading 
obliijnoly into it, which pass for several inches between what might be 
reckoned its diiferent coats, and often terminate in a blind end. A 
section of the outer coat from top to bottom would almost give the idea 
of its being built with the wafers made by the confectioners. This 
mode of building gives thickness to this shell : for from the outside to 
the inner surface is about an inch aud a half; it also gives lightness. 
The colour of the materials when formed into this shell is a dim or light 
brown, but not uniformly so ; it is a stratum of lighter and durkei' 
alternately, aud that pretty regularly. This we can hardly stippnsc to 
arise irom design, yet its regularity gives that idea. It is oxtromcly 
brittle ; it wilt hardly cut with a pair of scissors without chipping, and 
when wet, it is like wot paper, bat not nearly so tenacious, for it can 
hardly be kept together. 

In this shell are placed horiiontol partitions or platforms, one tier 
iibore another ; or rather, following the order as they build, one tier 
below another. These plnttbrms are near an inch from each other, but 
the lowest two or three ore rather at a greater distance than the upper. 
The uppermost is attached to the under surface of the dome ; the second 
is attached to the nnder surface of the first by columns that suspend 
mther than support ; the composition of which ts much stronger than 
that which either eomposps the outer shell or the platforms, hsi-ing 
probably mure animal matter mixed with the old wood. The iilatfurms 
are of a sixu answering to their edtuntion in the shell ; the lurgost in the 
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middle answering Oic largest diameter of thci shell nnd becoming 
narrower towards the tap, as also towards the Imttom. These horizontJil 
platforms are eomposcd of combs or cells, distinct in themeclTea, but 
each side is common to it and its nest cell. Eath cell is a kind of 
cylinder with a mouth and bottom ; and the platform is composed of 
these, being placed ncttrly parallel to each olhur, with the months on one 
aide, the bottoms on the other; onesidemakinga series of celb, the other 
milking a prettj' smooth surface ; however, as the bottoms are a little 
nmndL-d, the sorfaco looks like a pavement. 

The moutlis of tho cells are downward, making a kind of ceiling 
eomiKsed of compartmontn, and tho bottoms of tho ucUs moke a door 
aboTB. A cell is not a poifect cylinder, but is rather narrower at the 
bottom, and a littlo bcut, which makes them ditei^ more and more as 
tjioy arc further from tho centre ; tho uentro one being perpendicular, 
and tliose on the cireimiference a little oblique ; and also, by their taking 
a little bend, this curve becomes more luid more towards the eircum- 
ferento. 

HomeU work day and evening till about eight o'clock, is September ; 
thai is, they go out and into their tells till that time, as I was informed 
by Mr. lilden's gardener ; and when I went to take the nost about eight 
o'clock on the 24th of September, they were then going out, and others 
comii^ in. An old stump of an oak-tree, rotten on one aide, afforded 
them plenty of materials for building with, of which they had availed 
themselves : they were busy, and had carried off a great deal of it. They 
are not bo easily disturbed as bees and are not so ready to make an attack: 
they are less offensive than tho wasp : bat this is probably owing to the 
females only having the power of attack, and seldom leaving the hive 
or nest. 

Hornets are di:3&et male6^ and females. The females are rather 
more numerous than tho males. There is great variety in the sizes of 
both males and females ; but not so great in the male as in the female. 
The males in general are, in size, between the lai^eet and smallest of 
the females : this 1 apprehend is owing to the largest females having 
eggs in them, whieh always increa»oit the size. 

Of the Males. — The males may be easily difttinguished from the 
females by several wcll-niiirked differences. Tlio first and moat con- 
spicuous is tho horns |_iuitennie], which in the mahw are longer by one 
half, arc thicker, nnd the first joint from the head is only one-tliird of 
the length of that in tho female : tho circular joints to the end of tho 
homs are as long again as in those of the female. The head is smaller, 
and on the top of the licud there is a black mark resembling a crescent, 
on which is placed three small (^"c« at right angles from one another. 
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tlic point of which being in the middle and fore part of the head, they 
ore not a. pin's breadth oaimder. The females hare the same eyea 
placed in the aanie utuaticin, but without the above black mark. Tha 
yellow on the head of the male is brighter. The body of the taala 
is shaped very much like the female's, excepting at the point of the 
abdomen, where the last stale in rounded utf ; while that in the female 
is pointed: and in the male the penis may be seen projecting a little. The 
number of the scales of the abdomen also differs, being seTen in nnmber 
in the mole, in the female only six. The colour of the male is not 
much difl'erent irom that of the female, excepting that there is not as 
much of the bright brown on the thorax ; nor are the marks on the back 
anywhere different : but, on the under side of the abdomen, the bright 
brown marks which ore on the middle of each acale are smaller and 
aharpcr than in the female, and of course there is more uf the bright 
yellow : the last scale on the belly is much smaller, has very little 
yellow on it and ia blunt, while in the female it ia raueh larger, sharper, 
and of a brighter yellow, with a smoU listfnro at ila point, bejond which 
the sting and the feelers on each side may be seen projecting a little 
almost at all times. 

Of ike Females . — The females differ much more in size than the males; 
and this does not depend entirely on their being impregnated, for there 
were seyerol whoso oviducts were small, which were as large as the oao 
which was found full of ova. Others were smaller than the miilcs, and no 
way different from tho large ones, except that the small oneswere brighter 
in colour. Females of the common size ware rather smaller than the 
males, ond nearly of the same colour, ITie largest females were not so 
bright in colour ; the yellow appearing dirty, but tho brown I'qually as 
bright everywhere. 

Of the Fat.— On opening the abdomen tho fet appeared much whiter 
and more in quantity In the males tlian in the females. It ia diffused 
among the intestines in small flakes slightly attached to one another, 
iind lies prindpaliy on each side of tho intestines. In the females the 
iat is very muih in quantity in the autumn, but in the spring it ia 
much less, and of u brown colour. The tesophagiis is very small, about 
the size of a largo horsehair, as it passes through the union of the 
thorax with (he ahdumen, and enlarges a httle before it enters the 
stomach. The stomach is situated under the first and second scale of 
the abdomen, and is a transparent hng of the shape of an egg, about 
tho size of a large pea, the largo end towards the cesophagus. The 
(esophagus ontci's on the t^p of it. The small end teiminates in the 
pylorus about tho sixe of n hair-pin, whieh continues of this size for 
UlB twcltth of an inch, then euddcnly conlruct« to u very small netik. 
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wbii^h continues for the eightli of an iudi, imd then dilates to the size 
[of that] above ; the intcetiiK? increasuif; gmduully in aizo for nbont an 
inch, till it is of the thicluiHs of a crow-qniU, and, for one-fourth of nn 
inch, coDtinaee of this tdzo. It then diminioheB a little for onc-fonrth 
of on inch, and here receives a vast nuinber uf small ducts, which pro- 
hahly answer the purpose of liver and pancreas. These dnets enter all 
Found the intcstiiie ; the intestine afterwards gradually diminishes to 
the size of a hair-pin. and then opens into a large oval hag half as 
large again as tho stomach. It is transparent, and has six small opuke 
oblong bodies placed in tlic direction of the gut at equal distances, 
nearer to the upper part of the intestine than the lower. They are so 
dosely attached to the gut as hardly to be separated from it ; but I find 
they are only attached by the principal part of their enrfaee ; and at 
the lower end, or end nest the anus, they are united to the gat. I sus- 
pect they are glands, and that at this end of union the duct enters. 
This bag is sometimes filled with a greenish fluid, and somotinies with 
a fow fteces of an oblong shape, of a brown colour and shining appear- 
ance, like tho ova of a grasshopper. Tlie intpatine contracts to tho 
sine above, and terminates in the anus, under the upper and last aealo 
of the back, and superior to tho first of the belly counting from below 
Upwards. Tho upper part of the intestine ahovo the liver is more 
transparent than tho lower part, and appears to he convoluted, but it is 
only the circular muscular fibres appearing through tho coats of the intes- 
tine ; and the inner srirfaee appeare to he plain in the lower part of the 
intestine from the liver, but the muscular fibres run in a longitudinal 
dir«otion. The intestine from the pylorus to the anus takes three 
spiral turns, and is aliout twice as long as tho whole animal. What I 
conwive to be liver eonsists of a great niimlicr of sninll wngle duets 
which seem tn enter tho gut separately. They are osceodimgly small 
and numerous, about an inch in length, and folded up in all directions. 
On opening the abdomen and exposing the liver I have seen among 
thuHo ducts a greenish fliiid which looked like transuded bile. 

The lungs consist of air-bags and vessels ; there arc two white bags 
OS large as peas, placed on the upper part of tho abdomen on each side, 
from the bottom of which goes a large air-vessel down each side, that 
receives the smaller vessels that have been distributed through every 
part of the lower part of the abdomen. The bags above receive the 
branches from tho parts contiguous : the air-vessels are white and 
ahining. and consist of a spiral thread in a cti'cular form from end to 
end, which may easily be unravellod by pulling the vessel asunder, 
when the thread will wind off very ea.iily. The air-bags and laigo 
vessels going doivu the sides are not uf the above construction ; they 
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are two small white bodiM ubont the size and nhapc of bnmp-secds, 
somttimcB larger and flattened : they lie in contatt with each other, 
Imt may bo coaly separated: the right is rather higher than the left: 
they ore placed under the second scale, and seemingly not attached to 
the hack. The ducts or rasa defereintia come out from the testicle on 
theunderside, nearer the upper than the under end, hy very small ducts 
beading downwards, and pus« down on the outside of the intestine, soon 
beginning to swell gradually to three times the thickness. At about half 
an inch from the testiele is a projection like a small bog or ccecum ; the 
duct from above to this part appears rather opake and shining. Almost 
close to this bag another ctecum arises, on the other side and in an 
opposite direction, nearly three times as long us the other. This bag is 
generally more opake than any other part of the duct, and loses the 
shining pearly appearance ; then diminishes quickly in siite and makes 
a bond upwards, becoming very small ; turns again downwards, and ia 
about the size of a horsehair ; is continued into the penis, where it 
unites \rith its corresponding duct at the beginning of the jienis, and is 
continued to iu end. 

Ftmale Organs ofOenfruttoit'. — The vagina begins or opens under the 
last scale of the belly, just before the root part of the sting ; so the 
sting with its mnsolBS, &». are placed directly between the opening of tho 
Togina and anus. The vagina runs along the inside of the abdomen for 
some way. As soon as the vagina enters the abdomen there is a bag at- 
tached to it, simihir in situation to tbat in the female ailk-moth, about 
one-fonrlhof an inch in length, and the thickness of a pin; round in tho 
impregnated state, but in the unimpregnated it ia dat, thin, and trans- 
parent, though of the same size. The length of the vagina, from tho 
external opening to the division of the oviducts, is about one-eighth of 
an inch. It then diridcs into two ducts of tho thickness of a hair-pin, 
which pass on singly for one-eighth of an inch ; then each divides into 
six oviducts, which are slightly attached by small filaments of the air- 
Teasels and ducts. ITie ducts appear knotty in some places, and gi*- 
duolly diminish till they are insensibly lost. They may be easily 
separated by dividing the small twigs of the air-vessels by which they 
arc attached. The two divisions pass up distinctly for some way, through 
which division the lai^st part of the intestine passes. The ducts di- 
minish in size, and terminate almost insensibly imder the second scale 
of the back without any seaming attachment. The oviducts lengthen 
alter impregnation in proportion as the ova advance in size ; so that, iu 
a femolo ready to lay, tho oviducts are increased to near six times their 

' [Uiml, Prpps-Noii. 2032-2837.1 
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length in the unimiiregniitwl state. Tlio number of ova which is wm- 
tained in one of the oniliii^U uaunot be eaKily asecrtainod ; but 1 have 
been able to count fifty, so that at this I'ulculution she will lay COO 
tpgs- The eggs nearest the vuginn arc hirgpst, of on ulilong otiU 
shape: the laigest nre about ono-nghth of nn inch in k'ngth. and they 
gradually dinunish in si^c till the}' are insensibly liwt. As the ova 
diminish in aie they become rounder, till at lust they become perfectly 
round. 

Hornets copulat* like the common fly, by the male getting on tlie 
bnuk of the female, but in the act of coition ho is bent almost roimil. 
The female is olao hent. but not near so much ; and during the act the 
male shakes his ^ings, and seems to emit like the male silk-moth'. &c. 
The two which I saw tijntinued between five and sis minutes: this 
was in the beginning of October. 

Of the Slinif. — The sting is placed between tho vagina and anus in 
the anterior pcrina;nni, on a cunvi'x shell which is divided in the middle. 
It is about one-fourth of an inch in length, of a blauk shining colour. 
It ia thicki^st at its origin, and Hat, having a little groove on the end 
inside, which is lost in its middU-, bi^comtng flat, and the sting ends in 
a round shaqi point. Tliu sting is attached by o joint above the vagina, 
and ia flat and broader iit this part. The sting from this joint takea a 
bend which answers to the convexity of the shell. In the sliell there 
is a groove in which the sting ia received when not in usf, so that when 
drawn back into this groove it does not project above one-half of its 
length. On the upper part of thia shell are placed two small boni}' 
parts, about one-eighth of an inch in length, of tho thickness of a 
bristle : they are convex on tlieir outer side, flat on their inner, and when 
tho sting is drawn in, it comes in between them and is of tlio same 
length exactly : they arc darker coloured at their endii, and arc tliere 
besot with small haini : they are nearly of the same thickness through 
their whole longtit, are not perfectly straight, but take on a little bond 
laterally in tho middle ; they may be called ' feelers,' for tliey would 
seem to have a power of knowing what to ating by thoso two pnrt«. 
Tho glands fur secreting the poison are two small duelji ahoul two Incljen 
in length, of the thickness of a horsehair, and nearly of the sumo thiuk- 
ness through their whole length, excepting within half an tm-h of tho 
reservoir for the poison, when they become smaller, and pntcr that bag 
aepamtcly. on the npppr part, about a pin'a brcadlli naunder. Tlii-se 



OF THE HORXK'I'. 



81 



unravi^lk'ii hy diviititig tlie suiall tivigs uf uir-VL')>t>eb wtiicli gu tu 
them. 

Thu resfnoir or tmg for the poison is placed under the fourth nnd 
tifth scale of the buck of the abdomt^n, and is about the siee of a very 
small pi'a : it is of an oval Hguro and of a shining tendinous appoumocc. 
It is not a plain uniform beg. but the fibres of whioh it is ctimpoaoi) 
take different directions, and there are small furrows in the dirc<.-tion of 
those Sbres. It xeonis always tnrgid. and, when cut into, has but a 
small cavit]^ in its centre. At the opposite end of this ba^ arises a duct 
for the conveying the poison to the sting, which is about one-eighth of 
an inch in length, of the thickness of a horsehuir and very transjfarent, 
whieb is continued on the sting. The females only have stings'. 



Loose Noles. 

The comb of the common bee is all of one colour, although tbo mate- 
rial bnmght in on the legs is of various tints of yellow, therefore some 
change is produced [in that material]. The same of the humble-bee. 
The combs of the homel and wasp are of a darker and ligliter colour, 
snd that pretlY r^ilarly variegated. We shoidd naturally sup'pose 
that the materials were of very ditferent tints, tliey therefore probably 
undergo some change. 

If the hornets' nest is taken away with only a little left, they begin 
anew. The males are the workers ; tbey fly abroad for food, and feed 
upon ripe fruit, as grapes, in the lieginuing of October, while the females 
remain at home. They eat meat and rii* fruit, especially if it contains 
much sugar, ss ripe figs : they are fond of sugar when wetted. 

In tJie maggot-homot, we see on each side ten dork spots, or tracheal 
ripenings [stigmata]. In the winged insect seven of the lower [openings] 
belong to the abdomen, and three to the trunk : the first [Tiindmost] of 
the trunk is behind the wings ; one is between the [hind and forej 
wings ; and one is before the upper [or fore] wing. 

I fed young hornets in the maggot state with bits of meat, by putting 
it in between their nippers when they ojiened them. The moggot- 
homet, when full-grown, spins its web over the mouth of the cell, but 
not on the luside. When they have spun themKelves in, then they 
change their maggot coat. 

Mr. Grant saw only one hornet at Gibraltar. 

" Beckenhsni. Dec. 4, I7S4. 

" DrAB Sm, — People never give attention te matters which ore con- 
tinually before their eyes ; and, therefore, I do not iind it easy to collect 
' [Hunt. pTL'p, N0.215C.] 
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^of my Ubonrers or woodmen n wnglc ideo respecting tlie hornet* : 
Uii) wrac of thorn an> ncnto inteUigent fellows. They say that in 
splitting old trees in the winter tliej often find deserted^nestd ; nnd I saw 
tic rcniams of one which they had broken hist week in splitting tin oak. 
They are eonfldent thnt these uests are alwaj-sincre eomba, and without 
gniha. They also any that they often find in old treee, a eolitary und 
drad homet, but never more than one at n time in the winter. Iftlico 
yuu a»k tliem about the re([rnoration for the ensuing year, they stare, 
and know no more than my I/»rd Mayor. I have often seen Mr. King's 
nwl. nnd will retail it na soon as this heavy weather ceasea. My hornets 
dtMi>pe(irfd Kmilunlly, Hnd wore all gone in the first week in November. 
I tliink it )inib»lile Ihiit there will K' a new nest in the eame place next 
yt«r, Hnd ji't I llrmly Iwlievu thnt all of thiH your are gone to the devil, 
ud MV a* doiid an Juliits C^wnar. We send three doien ewana' egg- 
{Hmn, &<:■, with our compUnumts tn iln. Huutnr and you. 
" Yours ever truly, 

"William Edeh'," 



Economy of Wasps. 

t}f tkt iViitfrtM of St^nlini}. — At any time of tile summer, excepting 

hI IIm' iH^inninK und tenninntion of their colony, wo find all Ihu dif- 

(iHvitl MnKtw uf pruiwipition, from the hiilf-fonned I'cll to the egg, the 

lMWr>t, U»« ehryimli", loid tJio Hy. At Iho vcrj- first wo only find eggs, 

•HmI U>ui» i\r dtRV>n.ml «ges, then theme lure hutuhcd into moggotit in 

Mt^'VtMviou I while the miimtols aro incn-using in sito other eggs are 

hltU^hllHt. AittI iWh eKR" nn) laying. Tlie first laid nro then becoming 

lit>«Jin«, >thili> at the name time Ihu wasp or waeps are incroasiiig 

ta> liiw . »>i thiti we hHVP in a nwt, at tliis stage, eggs of nil ages, 

mMlv(iti>l'*lt«it><a.ii»dehr}-iMliaF«i nil on ouch |ihttform. Asaplntfonu 

[ h tHwiuitiuit 111 If Ktmiixl nt lla eeittrr, by protiulily forming at first one or 

WMv i^dt*, wt> lliid M HMtn iM one cell in fliunhod an egg is laid in it, and 

H \\\y. wiiub <<%lxii>U in cireumfeR'neo so oro tlie ogga hiid ; so that wo 

kutvv Uitt tthiijf |u^«l1l•■ uf Hiuienttion in tho namo platform bt^nning 

%\ tkv \tiM.\\v oihI i<.Kli>ndin|t townnls the uirtmmftM-ence. Some time 

>n\ttliU, \n ll»> ii'UtTK uf the plntfurm, the first eggs hatch, be- 

t RM>u|iiti uiikiMMV*. Iheii ehrywillMw. then Hiw, and they are gone ; leaving 

V4»4>Vt »>IU kuU' bitikfii iliivrii nn<l probably a second set of eggs in 



> I Vl iUmm tbhM, fet > <"" "^ ''■■' B"bi^ Bd«n, But., uf W«*l Auokland. wm 
HNm t» tki Ij^diy ^ ImImiiL h> ihc Ulln <•! Banm AitfilanJ, lAth Nomnbnr, 
Xm^lm MwM t tm it INk...l. .".-ler tJw umr lid.-. aSrd M.y. ITSM.I 



op THE WASP. 



thera. Then Uie order becomes uiverted, and wo find the joiingest to- 
wards tbc centre, and the oldest towards the circuraference, whilo there 
are nrw-fonned empty cells on the out^r t-dge of all. Bat tltie order at 
lut becomes irregular ; lUtd they go on in irreg:ulaT sucWBaion : tho 
oeatre cells at first held eggs, wliilo the cmnimference waa only fonnine : 
the cells, here, hare eggs when the centre coUb buve maggots ; nnd then 
the circiiniferenco-eells have maggota when the centre ones have chr^-- 
aalises, and by the time that tlie circtunfercDce- cells have chrysalises, 
the oeutre cells have a second set of eggs ; for oveiy platform produces 
sever^auccceaions of broods. At the latter periods in theseason, when the 
lower platforms are making, wo have the same succession going on in 
them, but they ore larger cells, having the Bgg», maggots, nnd chry- 
salises of tho males and young queens in them ; and Hometimcs 'we 
shall have in the last platform small cells, and either qooen-e^is, 
maggots or chiysalises in them. By this time the upper tiers are for- 
saken, although they may be still forming lower tiore of laige cells ; 
and, towards the latter ])art of the season, we have only the lower cells, 
filled with queens and males ; and in the month of October only queen 
chrysalises in the lowest of all, 

Oflayity the E-jga and Brtciiiug. — I have already observed, in tho 
description of the formation of the comb or platform, that, as soon as 
she [the mother-wasp] had begun her first platform, consisting of only 
three or four cells, she immediately lays in each an egg, even before they 
ore completely deep, which eggs are hatching wlulo this platform is 
enlarging in the number of cells ; and she continues to employ the 
cells OS they are forming. Tho grubs, when hatched, she must feed ; 
and, probably, the coU not being complete, fits it better for her to 
perform this duty ; for it appears impossible for her to get to the 
bottom of one of the small cells when comjilete. 

At this time she has a great deal of employment till the offspring 
are capable of providing for themselves and of nsaisting her ; then they 
probably leave her entirely \iO the office of laying eggs ; and they are 
employed in future in carrying on the increase of the building. Im- 
mediately upon the formation of a few cells in the second partition the 
female lays eggs, ao that the laying of eggs goes on progressively with 
the formation of the ealls. On removing a part of the external case 
and bolting in laterally between tho platforms and observing tbeii- 
actions, we may see that they most commonly pass along tho under sur- 
twee of the platform with their backs downward, by which means they 
can more readily pay attention to their yoting. At the time the 
yonng queens are beginning to be formed, the nest consists only of 
queens and labourers, and it is now at the fullest respecting labourers : 
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hut these decay, being either killed or dying ftbrontl : und about tlic 
month of October the males and nueens are in the greatest numbei' 
in tho hi van. 

Of the Eyg. — The time the egg takes to hutch is not known, nor Js it 
easy to he known ; at least, I have not been able to inspect the parta 
at stated times: but, by taking the whole progress. I am led lo anp- 
pofie it cannot he long; probably only u few days; for, in a wasp's 
nest in which I observed its progreBs from day to day, I could make a 
guess. When the egg is hatched the ma^^t bceomes the object, first 
of the (juoen, and then of the young brood thcTnaelves ; they are con- 
atantly employed in feeding the young, and for that purpose the ma^ota 
have all their heads towards the mouth of the cell, and of course 
downward'. It may be difficult to find out all the modes of feeding 
the yoiuig. Wc must suppose at present that the queen or mother of 
the whole feeds the first brood of labourers ; but, when once two or 
three are arrived at the wasp state, then they immediately reh-ufie her 
of that office, as well as of the office of building. As the liibourors 
serve the queen in building and feeding, a question naturally arises, — 
Do the males and the young queens talio upon thorn the ofliee of 
feeding? I think it is probublo the miili-s do. as they go about for 
their own food, and come forth early enough in the season to feed the 
maggot- queens ; and from an experiment, they seemed to feed the 
maggota. The maggots ore fed prolmbly with the same kind of food 
which the old ones eat theraKelven. I have caught the laboorera 
coming into the hives with the materialB in their mouths or forceps. 
In some it has been a small fly ; in others the pulp of fniit : in some, 
pieces of meat ; and, in squeezing by acddent some of the maggots, 
I have squeezed out the juice of the cherry. They have two teeth, or 
rather pincers, which open laterally, and which they are often opening 
and shutting. As their tails are towards the bottom of the cell their 
excrement must be deposited there, which is allowed to dr)' : it ia of a 
black colour lying at the bottom of the eell: so that the old one* 
never clean them. The maggots can live a long time without eating: 
I have known Ihem three weeks before they died. 'ITiis power of 
abstinence must often bo put to the trial, as often as the weather is 
snch a» vrill not allow the old ones to go abroad. 

The maggota cast their external ooat : hut how often 1 do not know. 
1 have found them, when abont half-grown, with their coat half off', aw 



' [Nolhing <B tuiil of llie RtUnlimmt of the cggi bi Uhi *\Af* of the nJU whni 
ther ue d(ip««il«) in them, wliioh I fwiiw* i« •Imva tli« «•«. Vj " p«dl olft— 
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if (creeping out of it, and the purt which hud t'ruetl itaelf of tliu tail wtM 
at the bottom of the cell adhering to the exiM'cments. They have no 
prt^ressive molioii even when taken out of the cell, and their motion 
in the cell is but little. I observed, whoa the comb or purtition wus 
perfectly free from motion, that the maggota were motionless ; but by 
touching any one part of it the whole of the maggots wouiil instantly 
move ; 80 that the whole surface was in taction, and then immediiitely 
became quiet a^aiij. Tliis was probably in espcctntion of food, hke 
young birds. IVhether they see or nut, I have not been able to deter- 
tnine ; but 1 am observe two dark lineo on the sides of the head, placed 
on two globes which ore hard to Die touch. 

If by accident the chrysalises ore misplaced, the old ones replace 
them. I obstirved wasps take some maggots that had tumbled out tn 
their forceps, and can-y them from place to place and put them in an 
empty cell. When the maggot-wasp is ready for the chryaalia state, 
it makes it£ own covering for the cells, and also lines it at the bottom ; 
but the lining becomes thinner and thinner towards the bottom. I 
observed them at work weaving the white lining, before mentioned, 
from a small thread which came out of their mouth, by which weaving 
the maggot becomes much smaller in siee. It then seems to rest from 
it« laltouTH of eating, and begia'4 to change the present parts for those 
peculiar to the lij-stale, which now begin to form. Their maggot- 
coat seems to get loose, and the parts within may be seen through it. 
What wan the head of the maggot seems to decay, and the two eyes of 
the fly are seen on the shoulder part of the maggot ; the head of the 
By having formed on the sboulderB of the maggot. 

It would iippear, then, from the above observations : — Jt'Vl, that the 
e^ is laid in a cell ; stfoiidlij, that it is not necessary the cell should 
then be eompleta, perhaps better that it be not; thirdly, Q\aX moat 
probably the cell is completed as the maggot grows ; /ourlhly, that 
the old wasp feeds the first young in the maggot-state, and the suc- 
ceeding ones are fed by the labourers ; Jiflkhj. that the maggot, when 
ready to fall into the chrysalis state, covers itself with a juice ei)uu out 
of it8 own body like the silk-worm. While in the cell, a complete 
change is made -, there is not a single part of the old body remains, 
and the new parts formed are much moj-e numerous than the old ; 
of which ti'ansformation. although probably the most curious purt of the 
whole, yet as I do not conceive there is any material difference between 
it and that of insects in common, I shall nut tuke notice here. 

Of Hie inUrtuil jHtrIa of tkt Mai/yot. — The owophagus is vorj* short 
and small, and swells into an oblung b.sg. the stumaijh. I'he stuiuacit 
is very near the whole length of the animal : il passed in the diiwlinn 
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of the body, surrounded by the nir-Tossels and the silk-vcastsU. To- 
witrda the anus it becomes situtllcr, fuiining what may be cidled gut, 
iuid which is allcrwoxds clongiitod into a gut, lying soiled up on euch 
aide of thu Btomuch ; under the above deacrit>ed ulr-vessels, there oro 
ulso four long eutiuLs, two on each side : their beginning ia forward, near 
the boginning of the atomach : they paaa backward and toward the he^n- 
uing of the intcatines, becoming; rather ki^et ; they then unite into onu 
on each side, and at hist enter into the gut, or termination of the Btomach. 
This is what I aupposo to be the liver ; probably they may aecretu n 
liquor (juice) similar to that of the pancreas'. Thcno appear to becomo 
longer and smaller in the adult or wnsp-statc. In thu iutcrsticcs of 
these parts is a kind of cellular membrane, having also a voat number 
of white bodice in it, which appears to bo analogous to the fat in the 
old ; for we find in yoimg animals in general that the substance in tho 
plactt of tho fat in the old is hardly fat : the some in the bcUy of the 
chrytialiii. They have o number of lateral air-openings, which all unite 
into one cunul that passes from head to tail ; fi-om which passes inwards 
toward the atomach, a vast number of air-cells, as also laterally into 
the diiferi'nt parts. These un.> now mere ramifying vessels, probably 
frum air being oiJy wanted for respiration and not for flight ; thercforo 
thi>y aro not enlarged into calls. 

Of llu Silk OUindt. — On each side of the body intermixed with ttie 
above substance, arc canals for the purpose of eooroting the juice for 
the covering of the cells, somewhat aimiliir to tho aillt-warm. Tliej 
bi^n by two canals on each side near the tiul, and pass, very much 
convoluted, towards the head. These unite into one duet which opena 
at tho mouth, through which tho juice passee to form the stlk. These 
canals make up the largest part of the substance between the skin and 
the stomach, and which makes the animal shrink so much after it has 
Hpun tho hning of its cell. These substances immediately under the 
skin arc divided into two portions, one on eaeh side; which division 
we see through the skin on the back, being divided by the heart : and 
wo also aeu it divided on the fore-part by a dark line, so that Die 
cuUukr membrane on each side do not oominonly unite witli each 
other. 

I begun my account of the wasp in the summer with one female 
wasp, and have traced her operations till she produced assjatants. and 
I have still continued the work till the whole was completed ; but I 
have yet only Npuke of her breeding at hirge. It is now necessary 
I should take notice of her offspring, because there is a peouliarit_y in 
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Uieir {)i\)iJuctioii th&t I bdieTO belongs to no other kind of aniiDKb, 
and only a few of this kind. 

AH animals of distinct sexes, so br &s I know, produce distinct 
Mzcs 1 bat fur a male and a fi-uale of waj siwciee ti> produue nntundly 
one of themselves in every respett but in avx, is I believo jKiuliar to 
sonie of the species of this tribe of insects, 

Prom these observadons we must suppose there are two kinds of 
misps hred in ovcij hive ; one kind arc the ' male ' and ' fomftlo,' 
which complete the species ; the other kind is that which does not 
breedi although having the female parts, and it constitutes the 
'workers.' These ore not bred promiscuously with tho others, ns tlio 
male and female are, but they have their two stated times. As tlie 
first parent requites assistance, the first wasps she brcKds aro tho 
' workers ' ; and her instinctive principle goes hand in hand with tho 
necessity for her first, second, third, fourth, fifth and sixth plalfomui 
of combs, all of which have only small cells fit for tho hatching of 
• workers ' ; so that a hive consists at first only of iho queen and 
workers. The latter arc increasing fast ; and we may observe them to 
be the only useful part of the community; for neither tho males nor 
young females are probably of much use. About tlie middle of August 
or September they are increasing their seventh, eiglith luid ninth plat- 
fonns, the cells of which, especially of the seventh, are some largo, sumo 
small, but those of the eighth and ninth aro mostly lui^e. In the email 
culls, I believe, the queen lays the cgga that aro to be males ; but late 
in the season, and in the large cells, she lays tho c^s that are to form 
the fertile females ; so that the male and tho female are tho last that 
are bred ; the reason of which we shall see by and by. 

Cff the Workers. — The workers constitute the largest number in the 
hive. They are, upon the whole, tho smallest in size, and they have 
more variety in size among themselves than either the male or female 
have. They have tho female paria of generation, which are extremely 
fiiint, but cBidly distinguished ; I never found them impregnated, and, 
aa I have already obsen^ed, they have tho sting, which also is another part 
peculiar to the female". Their beDy tcrminatca in a very sharp point, 
coming to it quickly. Their fcclere or horns arc shorter than the male ; 
tax scales on each aide ; of which the upper overtop the under entirely, 
and tlie anterior overtop the one behind. The workorB are what aro 
found abroad, especially towards the beginning of the summer. By she 
alone, they are immediately to be distinguished £rom tho breeding 
females, hut not otherwise ; &om the males, to which they come nearest 

* The parts or gtmenlion of the working waip m muoh more cTitUmt in *oDu< 
iiidmilunl* than in otben, (Loow note.) 
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in siEo, they are to be diBtingiiislied both hy the shape of the ubdomen and 
hy length of their fcelcra, besides their huving a sting. The obdomen in 
the Tcorker is shorter and more pj-nimidul than in the males, being thicker 
at its boae, and eoming #hno5t to a point, having the two last sidles 
terminating in a point. Their feelers oro not so lon^' ae in the males. Thejr 
areeaUed 'workers' because properly they do all the work of the family ; 
for as soon oa one or two are formed, they are immediately emploj-ed, 
and as they increase in number the greater proportion of tlie hive is built. 
Their employments may be retkoned three r — first, the excavation of the 
ground, when the hive is formed under ground ; Kecondly. the building 
of the hive ; and thirdly, the providing for and feeding the ma^ots. 

TftTien a hive is examined any time before the months of May, June, 
or Jiily, WB shall find nothing but a queen, whiuh is vorj- large, 
being full of e^s, and workers : but this time [or state of things] will 
differ in different hives. About this tame thi'y arc strongest in labourere, 
for their season of breeding is now over, and as they are considered a 
common enemy they are all destroyed, when possible, hcsidea the 
common chance of unfavoiu^ble weather, &e. : so tliat by the latter end 
of September or beginning of October they are becoming few in nuiubi'r ; 
for in a hive that I took on the 8th of October, I only found fifty-eight 
workers, njid a little later tliey are probably dying a natural (leatli. 

Of Iht Femalt.—'Yiic fertile females or nuecns are conwderahly the 
largest, above three times the size of the others ; but so similar in 
shape as to appear like a worker magnified. The anus terminates in a 
sharp point, like that of the workers, and they have a sting. Tlieir 
feelers or horns are similar to those of the workers. From tliia de- 
scription, they must appear to be similar to the workers, only much 
larger. I believe the old queen never goes abroad after having produced 
the workers. In the month of Angust or Sejitember, 1 have obberved 
that the young (|ueens are bred in the lower and last three or four tiers 
of pliitfonns ; and, of course, they arc the latest in the season. They are 
much larger than the males, and in sbajw, ^c. are exactly similar to the 
workers, excepting being much larger: they are like a worker magnified. 

They do not come out of the hive to get food for them»olvos, but have 
their food brought home lo them by the workera, and probably by the 
males : for the males feed themselves abn>ad ; but whi^thcr they bring 
anything home I do not know. I nei-er could see the females going out, 
like tlie others, nor do we ever find them feeding on fniit, meat. Se. 

As they arc bred in autumn, and are never seen in the winter, tliey 
can only be examined at the former season : nnd they nre then extremely 
fat : the abdomen being filled with small gmniilnteii fnt. When the 
pai-la of generation of young queens are examined, we find the oviditcj 
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iia., but in nhiit may be called a maideu-statc ; consisting of duct^ only, 
inthout contents. About the beginning of October they copulate, and 
then leave the hive and go to their hiding-places ; leaving behind sonie 
labourers and males to die ; but this will be sooner or later according 
to the weather, which attbrds them provifdon. 

Of the Ffmale Partt. — They consist of a vagina which lies under or 
behind the first scale of tlie belly, just bctbre the root of the Bting ; so 
that this opening is betwtwn the sting and the last scale : it passes a 
little way into tlie caiity of the belly, and divides into two ducts. Each 
of these two ducts receive at once ais ductn in which the eggs lie, 
making what may be called the ' oraria ' of the right and left aides ; 
which are se[>arated from each other by the stomach or gut passing back 
between them. Tliese two portions como into contact behind the 
stomach, arc imited by the oir-vessols. making but one bundle, which 
becomes smaller and smaller towards thoir beginnings, where they seem 
to begin insi-nsibly amall. The length of these duels is very consider- 
able ; for they pass up shghtly conTo1ut«d. and would seem to arise as 
high OS the thoras ; when in an impregnated state the convolutions are 
very considerable. When we examine the queen, when she is in the 
height of breeding, we find these twelve ducts very much thickened, 
being now filled with eggs of all sizes ; and wheu in such a state they 
are much longer ; too long for the length of the abdomen, and aro 
therefoi'e thrown into folds. They first pass up convoluted as high as 
the thorax, and are again bent down upon themselves, passing along the 
back, near to the t«nnination of the abdomen, and up again to their 
origin, which is as high as at the heart, where the canal passee out of 
the thoroK. As they pass from thoir origin, in the impregnated state, 
they are becoming larger and larger, and of course the ova which they 
contain art also larger, the lowermost being such as are just ready to 
belaid. 

Of the Male. — ^The moles are next in size ; they are rather h,Tger than 
the largest workers. They are longer in their belly, which ia more 
of an eijual size through its whole length, terminating at the anus more 
in a blunt end ; tho last scale of the back of ihe abdomen temiinates in 
a broad edge, which projects much further than its corresponding scale 
nndemeath. Their feelers or horns are much longer thon those of the 
workers or queens. The males I believe are the neJtt formed [after the 
workers] ; tbcy ui-c bcgim to bo bred in August. In a hive that I 
examined which had about six tiers of cells, thero were a great many 
eggo, roiiggots, and chiysalises in the celb- I deprived them of their 
i)nccn, and the labourrih repaired the liive, tontimu-d lo feed Ihc 
maggot* thill were hulihcd and those thiil wi'ic halchiiig, and. when 
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I examiiied the hive in September, there were but few labourers, and a 
great many males, but no young queens. The mules have no st.ings. 
The males go abroad and fi/cd thomselvca : for we find them on fruit, 
Ac, yet I eould conceive that they also receive food at home ; for in 
one hive that I brought home in September, where there were few 
labourers, the labourers were lively and restlesa ; but I saw no males 
for several days, when they became very hungry, and then they [lb* 
maloBJ came out of the hive ; but whether they cany homo anything to 
feed the nu^gots of the young queens, I do not luiow. But from an 
experiment I made tu see if they fed the young queens, I suapect oo ; 
for the males and young iiueena were often seen having their tongues 
or mouths together, and raising themselves up against each other, 
keeping themselves together with their fore-feet ; but I could not say 
that the mulea were actually feeding the females. The fenmles often 
appear to he feeding themselves. 

Of (Ae Malt ParU. — They appear to have but one teaticle, which lies 
on the back near the middle of the abdomen ; at least if there are two, 
which most probably tbero are, they are united so as t« seem but one, 
like the udders of animals: it is large, and of a quadrangular form. 
From the lower surface, and at some distance from each other, pass two 
small ducts towards the anus, which, when got a little way, dilat« into 
two long bags, or open into two lo^e oblong bags. These bags pass 
on in the same diroctioUi and either enter into or aro joined by two 
canals or long ducts which aro cur^'od, lying on the top of the others. 
The common duct of these two joins the corresponding duct of the two 
of the other side, forming what may be callod ' nretlira.' The gut passes 
over the testicle, and then between the two small ducts, and gets behind 
the other side to roach the anus. Tho penis is a homy substance, as 
is I believe the case with most insects, both for the purpose of con- 
veying somen, and for holding tbe two parts together. The passage fur 
tho semen paases in the centre of this body, and projects a little way 
between the two holders. 

Of what bteoiHf* of Watpt after hav'uuj jini-tluid tiirir Propfujation. — 
A wasp is of that class respecting propagation in which tho females live 
through the winter, but the males die ; for 1 havo shown that the 
queen begins the colony in tho summer, therefore she must huvo lived 
all the winter. The better to enable her to do this, she is ut this time 
iistremely fat, which fut is of a very pure white. I havo shown that 
the workers aro first bred, with a view to bo mndy to assist in bringing 
up the future workers, tho mules, and the romaies or young queens; 
and when that is completed, I have re^tson to suppose they are dying 
nway; for in Uie instance of a wnsp*s hive wht-'h bud h..nn vir 
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when I took it on the 6th of October, there were only 
fifty-eight laUourere in it, and at iMb period tht^y are very lean, there- 
fore unfit for living through the winter. 

About thb period I suppose the males and yoiiiig females copulate, 
and when this is over, that the nmles all die ; tmd what makes this atill 
more probuble in that they are at this eeason very Itan, similar to the 
labourers, I also eonceiva that the old queen dies in the autumn, hut 
at what timo I do not know. The young queens about tliis time bocomo 
very indolent, and would apjHiar to be weak, although it cannot bi> 
supposed they are eo, being now estremoly fat. Their oviducts ai'e 
pretty large, and have small ova in them, which ia not the case with 
Ilie workers. 

Of l/uir Winter Retreat.— ^j the latter end of Oetobet the hive is 
deserted, by the workers drst, then by the males, and lastly by the 
young queens. The two first I suppose die ; hut what boeomos of the 
queens I Iwlicve bus not been tommonly known : they hide themselves 
in winter in holes in dry banks. 

Many thinga are discovered when in jiursuit of something olso, more 
especially if it is o subject we may at the time be engaged in. It was 
one of the orders I had given to my gardener, that, when ho was digging 
in the winter, he would bo attoutivo to what he di^, and soo if he ever 
dug up a wasp, hornet, or hurable-bcc. In digging a dry bank about 
the beginuiiLg of AprU, ho dug up three wasps alive ; they were in holes 
like worm-holes, not a great way from the sur&ce. They were coiled 
up like a wood-louse. He brought one into the hot-house, and it 
became lively. 

Mr. Fergusson told me that Lord Auckland's' gardener told hi'r" that 
hu turned up a live wasp among some leaves of trees in the month of 
December. I'hey sometimes come abroad in fine weather in the winter : 
my gardener saw a wasp of the laige kind in March, but could not 
catch it. The weather being fine, one was caught in the month of 
April, which was a female, which had eggs in the ovaria, but not 
forther advanced than those ia the month of October. To see if I could 
keep wasps through the winter, 1 dosed up the hole or door of a wasp's 
nest about the beginning of November to confine them in ; but tlioy 
set to, and made a passage out. However, I was at last able to confine 
them ; hut by the end of November they were all dead, and I found 
they had filled the space Iietweea the nest and ground or \-ault with 
mirrouiding earth, all loosely mouldered down, which probably was the 
earth they had removed to work their way out. 

> [Aoxinling: la the date of lliie MS., 17t<U, Hanlcr'i friend and mmMpoadnit 
hul otlaiiied hit lille- bop iiulv '. ji. ti±] 
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In Ortober, 1788, 1 Utuk BOme workers, uorae mult^ondsnine funiitles, 
mad enclosed aome of eHuh in Ihe following plur«^: in a bos under 
ground, so deep u not to be aifectml by the frost : in a thick wooden 
nln pipe, which wns closed at each end and luft above ground : und 
in It holv in the middle »[ a brick wall, the wall being built up Hg:ain. 
About the bc^oning of ilay, 1789, those plucoa were opeued, but the 
wiu^ were all dead ; from which 1 shoiihl suspect that very few survive 
Uie winter. 

Louse \oles. 
Viwps bew being removed from their first pluco of dentinulion, taking 
kindly lo a new place of abode, and pursue their labours. 1 hnvo 
nov^d a hive out of the ground to a couHideruble distaute, placed it 
i)(id(>T a ghw* ahadc, and they have coutinued their works just the same 
M hofor«. Ucnee we must imagine they are a manageable set of 
Mv*tun«, and, I think, much more so than bees ; but they differ very 
mitvk tma be«M in the advantage to man arising from cultivating them. 
Ilf y Ml) i>xtrcmely de§ti'uctive in their labours, and do advantjige arises 
AvMi llwou laboure ; while the boe is perfectly inotTensive in ita labours, 
KM>| M ajN'ttutugvouti in tlieir result. If deprived of their queen, the 
IktKWwn iiUU go on witli tlio work ; if tho hive should be very milch 
muiW they will irpwr it, imd they will oven inurea«c it in size. What- 
»vM vi^ WK,V h«> laid, they are hatched, and tho ma^ols are fed, and 
Hv tkiiv^h ndl itiMr itagM. 

A^ lll>» vwf nuuuionly builds her hive under ground, and as ahe is 
vU^sl W MV^vuti^ lhi> jitaoe luwtir uud lower, the cavity is at first 
f Ik tuumW figure, but it b(«^)mcs more and more oblong iw 
tt ^Vi,S>tMK llvwvvpr, the rounded end i« still roimded off, which 
^f|h# W( lift or platfunn uitrruwer than those above ; and these 
l uiJk4« in Um end. If the sctuuD fur luaving off did nut pre- 
ttul whvTv th«y im> not obliged to mine, and where the 
i \>^>««l •tH\ Ikvy make eaeli jiUtform of the width of the 
[IkW \ *M<t tM • Wv-hin', na also in the hollow of a tree, where 

I 't.oiJVvJ hilUi'x il>i> iuniftliwuf a wnsp'snevt.ia to digahule 

< itwir. If you come upon the nest, have a 

ix' Itidei tliMi go on, and when bduw ii. 

< >i \V1it4i this is done, make a kind of 

■ • iimti'h in, miidc of wetted gun - 
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There i^ a small long wsap, which is not a small common oii<^: for in 
one of these, in the bt-ginning of June, I found eggs fit for Uying ; 
tberefore she must hare b(>en a ({aeon. 

Ix>rd Oage informed me of a gentleman who, eating an apricot, was 
stung in the tongue by n waep. That h gentleman present immodi«t*ly 
applied a piece of onion to it, tlien anotlier ; ami ana: three or four 
upplientionR the part did not sn-ell, nor was it painful '. 



Economy of BertUs. 

Of Oil Beeile-trihe [Co!fopttra].—Thc beetle differs from other flying 
insect* in sereral particularB, A beetle is very strong in the legs ; it i» 
difficult to confine them in the hand, and I imagine the intention of 
this IB, because they burrow. I imagine also that, because they burrow, 
they have two moveable scales like winga [elytra], which cover the tmo 
wings, end guard them in the act of burrowing. 

The alidnminal viscem adhere only to the under sealea, not to the 
upper : wliich renders the viscera loose after the under scales are re- 
moved, being only then attached to the thorax, at its tipper parts ; 
however, there is a thin niembrane which covers the upper surface of 
the viscera, to which the viscera are attached. 

Beetles I imagine do not feed upon the wing ; and, as they du not, 
thoir powers of flight are not equal to many of the flying insect tribo. 

A maggot-beetle I believe does not spin a web over itself when it 
goes into the chrywtlis state. 

Of the M<iy-0iaftr, or Blaek-Bettle [Grotrvpa tUreomrhu]. — In 
the month of June the young ones are found in their maggol-atnte, in 
their nests, pretty far advanced, going almost to change into the chrj-- 
salis. These neats are in the groimd, and generally grass-groimd 
where there is cow-dnng, and mostly imdcr the place where the dung 
lies. They ai« about twelve or eighteen inches deep. There is but one 
young one in each cell : its maggot-eoat is becoming verj- lootw about 
it. and about the latter end of the same month they would appear nut 
to be much further advanced. In the month of July they throw off 
their maggot-coat, and become chrysalis. \Micthcr they change their 
coat in the maggot-state I know not. 

Their nests arc in clusters, three, four, five, six, or more, dose 
together. Moat probably these belong to one or two female beetles, ba 



' [Cake indigo, vHted and nihbHl oii Ih? part otung. tiu Uh> Mine etteM.. Thi* 
appHnlion i* unirerMllv morlnl U> in Rpping ^fml. whnw mupi arc plentiful. 
— Wa- CLirr] 
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wo genprally find ulwnt four eggs in the fomde. Thoy have two toeth 
[mandibles], one on each side. Tlie excrt-ments which belong to the 
maggot only, are soft, of a brown colour, and pretty uniform ; whiuh 
lost ehowa a considerable dogrco of digestive powers. The chrysalis 
doea not become bo dry as that of the By, moth, &c.. by whith means 
their extremities are not bound down by tho drj-ing of the chrysalis 
akin. This difference may arise from the cbryHolis of the lieetle being 
in a moist place, such as underground ; while those of the moth and fly 
kind are suspended in dry placea. The maggot-heetlo has no occasion 
to enclose itself before it forms tho chrysalis, as that of the butterfly 

dOM. 

There are nine nervous centres, one of which is near the head, having 
ft vast number of whito radii passing out from them, which nimi^' on 
all parts of tho animaL Tho stomach panscs down almost through the 
whole animal as in the silk -worm : it is large, making near tlie wholo 
bulk of the animal ; near to tho extremity of the aniaiul it contracts 
and forms a gut ; but it immediately dilates into a very large bag which 
has a fissure in it, making it ajipear externally like two baga or bodios: 
these appear ns if qiulted on an external vic<w, wbtch arises from the 
structure of the inside, Tlie bag sgain contracts, and opens externally, 
forming the anus. I-jTUg close to tho outer surface of the stomach are 
tho same vessols which are found in the silk-worm, like threads, and 
coiled up irregularly ; which enter tho canal a little above tho baga be- 
fore mentioned. Bome of these are yellow, othere white. 

This beetle is fully formed at tho latter end of July, and all the 
month of August, and often in September; and in general ihoy fly 
about in the evenings, and with considerable force. They are found 
very commonly upon cow-dung, under which they ofUm bury them- 
selves all night, but not deep. In the month of August and Septi^mber 
tliey are found in the evening crawling and flying about cow-dung, 
which they would appear to live upon, and are found digguig holes in 
the ground either nnder the cow-dung, or near by it. Tlioso holes aro 
about twelve, fifteen, and sometimes eighteen inches deep; and when 
below the surface some way they often divide into two, three or moru 
holes : into these holes they carry a small quantiQr of dung, which just 
covers tho bottom of the hole upon which they lay an egg ; they then 
fill up the hole above the egg with more dung, for about two inches. 
The dung is not allowed to touch the egg, for it is formed into a small 
cup round it, la the month of November I found that tho eggs had 
hatched, and pretty lai^ maggols were formed, about one-third of the 
full siie ; and the cup in which tlie c:^ hod lain was now become 
larger from the feeding of the animal. 



About the laltor enti of Augiist, September, and often in October, 
according to tbe fineness of the weather, they begin tA diaappeor, and 
tire found buried in the gitiund about nix, seven, or eight inches below 
the surfawt in perpendicular holes mode by themselves. These holes are 
often mode in louse ground. When they firet take up these habitations, 
the paseogo loading down to the animal is not filled up ; but the earth 
which they dig and bring up in making the hole, lies about just at the 
month of the hole, and is extremely light, so that the least blast of wind 
blows it into the hole, by which means they are covered over. 

They also bury themselves in the holes where they have laid their 
eggs, just above the nidus or dung. They bury in aocietiea, eo that we 
find ten, fifteen, or twenty or more holes, all close upon one another. 
■Whether these little soeietios are one family or not, is not easily deter- 
mined. In these holes they lie the wliolo winter ; and I suspect that 
most of them die before the spring comes in ; however, not all, for I 
have seen some of them in April and May, which is much too soon for 
the hatching of the eggs ; but their numbers at this season of the year 
are very few, and most probably they die soon. 

Upon dialing away some earth close upon these holes, I was able to 
split these holes in their direction downward, where I fo\md the beetle 
always placed at the bottom with its head upward. They wore very 
lifeless, but upon placing them in the sun they became very brisk. At 
this season of the year it very often happens that the ground is tilled 
where vast numbers have buiiod themselves. When this is the case, 
tutd if it happens to be good weather, they are seen flying about in great 



Of the Coekehnfer [MthhntJui yii/i/nm].— This beetle fliea about in 
the begi n tiin g of the months of Juno and July ; commoniy about the 
tops of trees, houses, &c., to copulate. They became very few about the 
20th of July. 1 78S, and in a few days were entirely gone. However, 
I found one alive on the 26th of August in which was food in the 
bowels ; and the ovaria were pretty empty. 

So far as the shell-wings [elytra] cover the back, so far are the ecolee 
on the backsoft ; but, towards the tail, the two last scales are hard, not 
being covered by the shell-wings. 

The feelers terminate in three branches, which are flat, and which 
close one on another, so as to look like an oblong body on the end of n 
stick. Those of the mules are larger than those of the female ; and 
when in copulation they spread them ; but the female does not. 

The males are smaller than the females. The same with the lady- 
birds of Barbadoes, both white and dai'k, which appear to be a species of 
cockchafer. They are of the same siife with ours. The males have 
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mon- hairs on their poBterior thomfic npnles. The thoracic hoiJo in the 
female is mottled or tortoise- shell. The penis is homy and terminates 
in two hooks, which I imagine lajs hold of Bome part of the vagina. 
Towards tlie last of the seaeou I found a vast nunilipr of malea whoee 
penises were separated and the root projecting. 

The female parts are two oi-i-cluBtcrs ; each consisting of six ducts, 
having in each only about sis eggs which arc oblong ; each of these tax 
terminating in one duct, mating two duets for the two clusters, whlcli 
again terminate in one. This common duct to the whole commimi- 
eatea with the receptaculum seminis; or they both open extOTnally by 
one common opening : so that there is no duct passing from the one 
into the other, as in the moth, &o,. 

The receptaculum is pretty large. There are not the glands for the 
Kticking mucus, as I mipposc that is not wanted, the cgga being laid in 
moist plaeoa, &o. ; but [in the female] there is the second or single bog, 
filled with a white mucus, whose duct enters the common duct of all 
the ovarian tubes, as in the moth. This part must huve a fixed use, as 
it is found in all'. The opening of the anus is distinet, ne-arer to the 
back of tlic animal. They copulate somewhat similar to the qua- 
druped, or perhaps rather like a bird : the male gets on the hack of the 
female. They are about fifteen minutes in the act; sometimes more, 
and sometimes less. 

On the Bott-btttlf [Ctlonla aurata]. — This is a flat green beetle witli 
some small irr^ular specks of yellow, found commonly on the flower of 
the Sjiiria, also sometimes in the mule parts of the rose, and which I 
beJievc feeds on the pollen. It is seen in the months of June, July, 
and till the middle of August ; it is seldom seen to fly, but it fliee if 
much dixtuibcd. When confined on the ground under a shade, it buries 
itself and comea up again. The male is I believe the larger of the 
sexes. The female is of a brighter green, having few or no yellow 
specks. 

Of Ike Grasshoppo" [Pkasgoneura viridisnma\ . 

A large green gnmshopper with smelt eyes and a long projecting 
tail, was caught in the latter end of August 1789 ; it was a female. 
Her belly was full of ^gs, which were black, and pretty long ; but when 
they werp small they were of e lighter colour. She had a long oviduct 
like an intestine that (ituwed between tlic two ovaria. Just before the 
termination of the oviduct, or near its opening externally, was a round 
hag fiill of mucus [spermatheca], whose duct enl«rej the oviduct. 



' [It ia lo nreiie tlic rcrliliiing fluid fram the malr, mid ipplj il to lhBe( 
thcr pan outwards.] 



The tdr-caiiale were of a reddish colour, just as if eontnining some 
red blood. They seemed to contain no more air than what might serve 
for respiration. 

It had two very strong forceps [mandibies] making the upper part 
of the mouth, the tongue lying on the under side or behind, and a thin 
fiap on the fore-port. There are other two, smaller and a little longer 
[moxillie], just under them, whicli would appear to be eonductors of the 
food. There are, also, short tentacula [palpi]. The tongue ib a broad 
flat body, and seems so attached to tho under port of the mouth, as that 
both move together. 

The oBsophagus begins on the posterior part of the tongue oh in other 
animals, passes through tho neek, and in the thorax it bt'cotnos wider 
and wider. It then contracts and immediut«ily tei-minatcs in a little 
pyramidal body, which is lined with a homy sulietance, which forms 
longitudinal ridgea, and which arc serrated, fit to divide the food before 
it passes into the stomach. Tho stomach at the upper end forms two 
kind of csBca, and the above pynuiiidid liody lies between them, Ono 
of thoHc ciBca is forwards, the other posterior, answering to the form of 
the body, which is deeper betwe<'n back and belly, than fiom aide to 
aide. This stomach is just at the termination of the thorax into tho 
beUy. 

The large green grasshopper feeds upon animal food, for it eata 
boiled meat. It tears it off with his two pincers, and the four short 
tentocnla guide it. They will hold a piece of moat between their fore 
legs and chest and bite at it. I put a caterpillai- to this grasshopper 
and he devoured it soon. 

A grasahoppcr has two claws on the extremity of each foot ; also two 
on what may be culled the heel of the hind foot only. Along the sole 
of tho toot of the hind leg ai'e two rows of eminences, four in each row ; 
tho two next to tho external claws are the lai^est; those at the heel 
the next in siie. The eminences on tlie fore and middle feet are some- 
what different, Thcii' legs are in pairs, and each leg of each pair moves 
alternately. The two pairs of fore legs generally move twice for the hind 
legs once, by which means the hind legs move a great deal at once. 
He moves two logs at a time ; if he moves a right fore leg first, he also 
moves a left middle leg : then the left fore leg and with it tho right 
middle leg; so that in tlic motion of the four fore legs or the two 
paira, there in only the progress of one pair. This is exactly the same 
witli the trot of the quadruped, only it has not the jerk. 

The feelers [antennse] are moving constantly and in alt directions ; 
tJiey are sulBcJcntiy long to touch bodies Whind the grasshopper. 

Wlieu walking upon glass standing on edge, they very often nibble 
at the soles of thuir feet with their mouth, which I 8Us|ieft is wetting 
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Ihp eminences with nuiiiettiiiig a little sticky, for it is those eininc-Di:i« 
that they seem to be at work npon. This grosahoppor drinks &evly, 
and ate a chrysalis of some butterfly. 

There in an iris to each eye. Each eye is a hexagonal tube. The 
eye of the large green grasshopper has the appearance of a dart spot in 
that part directly opposite to the point of ught of the spectator, and 
therefore appears to move ns that point of sight moves : but this pro- 
bably is a deception, for most probably it is owing to the cornea per- 
mitting only the rays to jiass in the direction of the axis of each of the 
ocelli, which, being dark at the bottom, the rays we not refracted at 
that part; but the tunica selerotica of each eye, being groon, and the 
ndos of it reflecting tho green rays, the whole eye appears green, excepting 
the above-mentioned dark spot. This fact of the sides of each eye 
being green and reflecting the green rays, shows that the object must 
be made at the bottom of tho eye, not at all at the sides ; and the green 
colour being reflected in every direction from the eye, excepting the spot, 
preserves the universal green colour that is necossaxy for the animal. 

Their eyes would appear not to be fitted to near objects ; for they 
seem to trust mure to their long feelers, moving them in all directions; and 
when they touch anj-thing with them they make a Hl>ring ; and this takes 
place in the light, and yet they do see. Whcji they make a noise, 
which is with their wings, their abdomen contracts and expands much 
faster than c 



Of the J>ragon-fiif [j^sthna ffraTidis]. 

August 18th, 1778, at eight o'clock in the evening, I saw tho dragon- 
fly flying about, making short turns, which were performed very quick. 
I also obsen-ed gnats flying ; and, whnt took my attention most, was his 
making up to a gnat, and thou the gnat was seen no more : therefore I 
conjectured he was feeding upon them, I caught him and opened him 
tho next morning, and could observe in the stomach the scales of some 
insects. 

The stomach is a straiglit connl, tho termination of which is sur- 
rounded with what I suppose t« be the panerens. Tho gut goes on 
pretty straight te tho anus, and opens just below tho tail. Neiur tlic 
anus is the entrance of the ducts which 1 suppose to be tho liver'. 

The ovariaof the dragon-fly is a distinct kind &om any of the others; 
they coibust of two, one un each side of the gut, renuhing as high a» the 
thorax. They are large at tho upper end, becoming smaller d'.>WO- 
waidfl to the aniis ; euoh consists of a long bog ; and on the inner ride 
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Uioro are a vast numbei- of umftll canals opening into it, sometlimg like 
tho grains of com going from the stalk. Ea«h of these canals contains 
one egg or more. The l«i^e and long bags hold the e^s aa they come 
from the smaller canals till the time of kying. 

Near the anus theso two unite into one, or ojien into one which may 
be oalli'd vagina, which is a common dnct to them, and the reservoir of 
the male semen. The resorroir for the male Hejnen is a round bag 
whose duut opens externally, and is the passage for the penis. There 
are two umall glands, one on each side of this bag. 

A dragon-fly has the largest eyes of any insect; it hoa a vast nnp- 
ber of black spotn which move with oar eye, as they do in the grass- 
hopper, but there is one principal one in the centre of the others. They 
oopolate in October. 

The attitude of the dmgon-lly in this act is very singular. The penis 
is about the middle of the body of the male, and the vagina of the 
female at the extremity of the abdomen ; and. during the act, the male 
emiiraues the head of the female with the furceps at the end of the tail. 
The female is in a drcidar position, the male, therefore, has his head 
and wings at liberty and manages the flight. 

0/the Tmthredo Abietis. Lino, Syst. Nat. 193. [Ajihis Pmi, or 
Aphis Abietis. The descriplion does not apply to any of the 

Tenlhredinida.'] 

This fly has four wings like the bee ; two very largo and two much 
smaller. The wings are very large for the size of the body, do not 
lay flat or horizontal over the upper part of the abdomen, but their 
inner edges are raised, and they fall olf slantingly on the side; how- 
ever, this position varies. The colour of the body is of a hght brown, 
but the wings arc green, being the colour of the tree they frequent. 
They are of two sizes, at least in the abdomen, which is longest in the 
female ; at least the emaller one does not lay eggs, therefore I suppose 
it to be the male. 

Tliey are different from the common insect in hai-ing but two slates : 
the first being neither maggot nor chrysalis, but rather appearing to 
be an insect of the second class, viz. spider, bug, ifec. [ApUta^ ajid 
afterwards getting wings. 

Although possessed of long wings, yet I suspect their tlight is but 
very short ; for in a spruce fir I found them breeding for several years, 
although this tree was only a fow feet from others of the same kind, 
where none were ever found. 

I suspect their life is but short, something hke the silk-moth : that 
the male dies when ho has completed the copulation ; that the female 
lays her t^g*, and dies ; and thnt probably neither sex oHt when in 
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flj-etote, I suspect thej- lay their e^s in Uie Liid of the fir, wliich 
remain through the winter und hatvh in the spring, when the bud is 
going to shoot forth. The little animals feed on the inside of the oell. 
which increiLses the cavity ; and as thoae i^avitica are increasing, the 
substance of the colls is also increasing, Tliere is a whitish matter like 
dust that lines the cell everywhere ; whether this is exi-rement or not 
I cannot aay. While in this state I do not believe they change their 
caterpillar coats. They have hut one state before they get their wings ; 
therefore they have hut one change, and thus differ from the common 
flying insect. 

Tim wingless state cannot be called' a gruh, maggot, or caterpillar : it 
has more the figure of those of the apterous ? kind, having six feet of 
considerable length, two antenna;, with the projecting abdomen some- 
thing like a louse, only a little rounder, and a shorter abdomen. It is 
of a light brown colour. When the fir-shoot has done growing and 
the buds aro formed, then the little animals are ready to make their 
escape ; each cell opens like the openings of the cone of the pine, and 
forth the animals come. When it comes out it crawls on to one of the 
leaves of the pine, and there it rests, and throws off its cout, or rather 
ahps out of it, and leavtia it on the leaf, with the skina of the feet as it 
were grasping the leaf. The little animal cow begins to have the wings 
shooting forth. They appear like two little green knobs on ihc lateral 
and posterior part of the thorax, lliey so-jn come to their full size, 
The wings are green, hut the hody in of a darker colour than what it 
was before. 

It is to bo supposed that they now copuhite and lay their eggs. 
Each of the parts of the fir-bud is a kind of capsule for the leaf, so that 
by having tho eggs laid in it, either the egg or the young insect can bo 
conducted to that which ia to form the stem ; and there it stimulates 
the stem to form itself in such way as to moke a regnlar cell at the root 
of ouch leaf, while tho leaf itaelf is prevented from growing, which 
makes this part of the shoot appeal' like u cone of the [>ine, and the young 
insect or eggs appear like the seed of the cone. The structore. ap- 
pearance, and the different processes that go on in the part, would at 
first scein to )« the natural process of the plant, not depending on a 
foreign stimulus ; for, in the month of May, when the shoot is swelling 
and beginning to elongate, we find that it begins to swell as if inflamed ; 
but when sliced down I could not observe the esgo. 

Of the White Evening Moth. [ The ' Brown-tnil' Porthitia ehnjtor- 

rluea, or the ' Gutd-luil' Piirthixia aurijlua.] 

The whitr evening moth, the fcmnlr of which ha* a [tuft of] l>row» 
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US. almost h'ke ft hair-pencil cut short, 
easily removod, lia» some of the liair carried along with eaeh egg as she 
lays them, I aiispect that tlie mu<^uB on iho egg entangles the hair. 
There appears to ho more hair deposited on the whoh) clutch of egga 
than wo see at the onus ; therefore I suspect it grows in the time of 
laying. I mught one of these moths laying its eggs on the leaf of the 
■paper-tree" on the 8th of June. 

Moths By ahout in the dark, seek their food and see in the dark. 
Look at the eye of n silk-moth hy candleHght, and you will see it 
shine in particidar lights. As the eye of n cat [shines in the dark], ao 
does tlie eye of a moth. 

On the fVhite Buttei-flij [Poiitia Bramcir, or Pontiii Rnpa], 
This insect comes forth in the month of ilay. and about the latter 
end of May the female is fall of egga. In 171)0 I saw one ahout the 
middle of April ; the winter and spring had been remarkably mild. 

Tbey have a crop like the common fly. Ac. ] found a chrysalis in 
the latter end of June, and the winged insect came out of its cell, July 
2nd. Query, was this chrysalis of the same summer's growth, or of the 
last year's ? If it was the last year's, then it was latt', when we com- 
pare it with those above mentioned, that came out in April or May. 
Or, do they breed twice in the same summer ? Or. do the first brpod 
in the summer bring forth the second brood, and those that brought 
forth the first die ? and when the first brood has laid the ef^, does that 
brood also die ? I should think this most probable. 

It would appear from Mr. Marsham's accoimt of the inductions of 
spring*, that the yell on- -butterfly [Qonapttryx B/iamni} is the earliest 
butterfly that comes forth ; and that they are coming forth earlier now 
than formerly. Tliis cannot 1ie called civiliiation sraong them. 



Of the Ant. 

The natural history of the ant is very curious ; they perform every 

function in life before they are complete ; when complete they appear 

to be idle, only walking verj- gravely about. K so lame that they 

uannot walk, they are attended by those which are yet but workers. 

They are both offensive and defensive animals ; they make an attack, 

and they defend. I have put a lai'ge ant among some email ones, and 

they have attacked it. If tbey are disturbed, and you move the hand 

* Fhilosophiea) Truiuolioua. voL lxxi>. part 3. 

' [The Paper Mulberpj-tree (Sriii-ra papyriftrn).] 
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over them, they immediately draw in their beUy under them, ond rvst 
on the back part of their belly, upright, with their trunk ready to 
defend or attack : and, if tho Gngor comes within their reach, tiey tm- 
niediatcly lay hold of it and hito. 

They breathe air similar to other winged insects : it is seen in the 
abdomen. In thono that have wings there is a good deal of oil or fat i 
for in dissecting them in water, a considerable number of small globulcfl 
were seen rising from them and floating on the surface of the water. 

When they have got their wings they atill work, for I put some of 
them into a glass with some earth, and they burrowed ; and I saw 
them btisy in going down their subterraneous cells and bringing up the 
mould in their pincers. I also saw them carrying the egg or chrysalis 
like tho oommon wingless ant. 

Uany of these flying ants ere of n very pale brown. I suspect ttutt 
when they got their wings they ca(>t off their ant-coat, and get a now 
one, which is white at first, and becomes brown ufterwards. 

0/ the Musca [Erutalia] tenax. 

This fly lays its egge on the dry sides of vessels, or cariliefl con- 
taining putrid animal matter in a fluid form, or on substances projecting 
above the siufaccs of aucb fluids. I believe this is performed in the 
month of June. 

The prt^ess of hntehing, the period of tho raa^ot, and the continu- 
ance in the chrysulis state, ore all very short. My gardener canght 
one about the beginning of June. I caught one on tho 4th of April, 
1(00: the winter had been remarkably mild, About the latter end 
of June the young are coming forth, and then tliey are more in numbers. 
In tho months of July, August, and September they are in great 
numbers. About the latter end of September they are getting into 
bousee, especially out-houses, half insensible. 

I caught one on the :^Oth of October, a female ; its stomach was fiill, 
but it had no fat'. 

Of the Gnat {Cidex pipiens]. 
This animal may be said to be on aquatio one while in the maggot 
or second state. They live in the water till they go into the chrysalis 
state; yet I imagine they breathe air; for, like the Mtisca Unaa; 
they keep the end of the toil afloat, which is their trachea ; but they 
difler from the Miaca (™n.r in having i-onsiderablo progressive motion 
in the water, although the power is stddom or ever used but when they 
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are disturbed, uml then thej- sink, or make to the bottom directly ; and, 
it» soon aa the agitiition in the water has cedscd, thpy directly make 
thefr way again tn tlie surface. When they move down they go with 
their hcada foremost; und thoy ascend without changing the same 
position, moving with the tail uppermost or going baokward. Their 
progress ia by the alternate Qgzag motion of their body. When not 
disturbed they hang by their tails on the surface of the water; and, 
when there are many of them, they make a pretty object. The end of 
the tfdl, which stands out from the end of the body, making with it an 
obtnse angle, has, I suspect, either some oil in it, or it can throw out a 
hfiUow cone, which, being filled with air, suspends the body ; for, when 
the end of the tail comes to the surface, the water is repelled, not 
allowed to touch the yery end. When not susijended by the tail, nor 
mortng with their bodies, they slowly sink, and therefore are specifically 
heavier than water. 

To ascertfuc whether they breathed air, I filled up the glass in 
which they were with wat^r full to the brim, and then covered it with 
a piece of flat glass so that the surface of the water touched the under 
surface of the glass, by which means no air was opposed to the surface 
of the water : they immediately came to the top, but they could not be 
suspended, and in those attempts they :>oon died, being drowned for 
the want of air. \Mirn suspended in the water, there are some parts 
about the mouth or head constantly in motion. 

The gnat can hardly be said to go into the chrysalis state, as in 
many other insects : it does not leave the water, nor does it enclose 
itself in a coat spun out of iteelf, but seems to be more motionless or 
leas frisky, more coiled up upon itself, forming a round body with a 
globule of air on the back, which mokes it swim. Its head-port seems 
to booome larger and of o darker colour, and the belly, or what is 
commonly called tail, becomes rather less ; yet in this state it has 
motion when disturbed, and sinks by its motion. T imagine that in 
this state new parts only are forming under the akin, not a change 
going on, and that, when complet«]y formed, they emerge out of the 
old skin, leaving it swimming in the water, as it were hanging by the 
tail. 

The Aphis Abielis also does not go into the chrysalis state. 



Of Bugs [ Cimex lectularius] . 

Query. How do bugs live? what do they eat ? 

They siick blood and fill themselves fiiU. It is supposed there are 
some peopli- that tliey do not bite, iiud others they do ; but most pro- 
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bably they bito every one, but the bito ia insensiUe to BOme. I onco 
supposed thut they did nut bite me, but I now Buppow they du. Going 
to bed at night I have observed them marclilug down the curtains and 
head of the bed ; such when I caught and killed hud no blood in them. 
In the morning T have obacrvcd them marehing back, and all suult 1 
have found full of blood : and in a very large one which had got under 
my shirt at the shoulder I felt a something move, which I rabbtid with 
my hand on the ouleide of my sliirt, and immediately found Bomething 
wet; and when I took off my Bhirt I found it was e, very lai^ bug, 
The shirt was stained for some breadth with hloud, and yot no marks 
could be observed anywhere on the skin. T]ie bugs I caught in the 
evening had no smell, when killed ; which made me suppose that they 
had smell only when fiill of blood. I next Idllod them when i'iiU of 
blood ; and then they also had no smell. This was in the month of 
August. The question now is, at wlmt time do they emit the peculiar 
odour ? 



0/ the External Characten 0/ Insects. 

The flying insect is, in common, made up of three parts, the ■ head,* 
the trunk or'ehpst.' and the 'abdomen.' But in some the chest is com- 
posed of two part*, whicli in such makes the whole body to be composed 
of foor partfl. The common fly of all kinds, the Mimra ( Rrintali*) tena^; 
all of the bee-tribe, have the chest divideil into two. 

All of the flying-kind have six legs, which arise from the cheat': and 
in those where the chest is made up of two parts, the anterior part is 
smaller than the other, and it give-s rise to the two fore legs. 



Of the Senses of Insects, 

It is more than probable that in^iecta have all the five senses. We 
know that they see, that they feel and that they hear; for thunder, or 
the firing of a gun, or the ringing of a gong, or of a large brOBS kettle, 
will fVighten bees. They certainly have taste ; and it is most probable 
Ihcy have smell ; for I think tliat 1 have led a silk-worm to difft-rent 
parts of a table by drawing a mulberry leaf before it; and, by shifting 
the leaf and placing it behind it, the worra ha* turned : but how far nil 
tfcis might be accident I will not pretend to determine. Whether the 
whole of that tribe are endowed with, the five aense«, is not coiiy to 
determine : it certainly is not a. reason why tlic whole shonld have them, 
because one or more have ; for, in the muHl perfect animals, we find one 
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tribe where some apecies of them are eatirely deprived of Ihe sense of 
smelling, vi*. the porpoise, although others of the same tribe [viz. Ihe 
whalebone whale] have [that Benxc]. 

0/ the Nouriihment of Insects, 

The notirishiDent of thia class of animals, problably like that of all 
others, is, first the common food, secondly the store or reservoir of 
nourishmeDt laid up while food was pleatil'ul, and thirdly, part of the 
animitl itself, as the wasting of muscles, &e. 

The common food varies in different clasaes of insecta. The store 
consiats of a aiilistanee, like fat in some, but not of an oily nature ; 
while ui othen there is a I'nt which is oily, as in the humble-bee. The 
wasting of parts [ia its reltitioti as a souree of food, by absorption], ia 
probably the name in all animals. 

0/ ihe Store or Fat. 

AU winged insects, as far as I know, have a store of nourishment 
laid up as gleanings out of the common food after having become blood. 
In the maggot or eateipillsr it is hardly oil. This ia somewhat similar 
to this store in most young aniiuahi) but in the full-grown it is a tine 
oil, in very small cells, like marrow in (juadnipeds. This, like the 
fat in most other animals, is situated in every carity or interstice of the 
body, and is most in qunntity according to tireumHtances, It is most 
in quantity when the caterpillar is going into the chrysalis state : and, 
in those tlint live through the winter, as the common fly, fcmiile 
humble-bee, wasp, hornet, £c., it is largest in quantity in the autumn. 

In the chrysalis state many parts are formed out of it, such as the 
extremities, parts of generation, &c. In those that go Into a state of 
torpidity, the iat ia wholly gone by the time tbo fine weather comes in. 
We need only kill a fly at each season to be sensible of the truth of 
this. 

Of the Food of Insects. 

The food of the caterpillar and maggot often differs very much from 
that of the fly-state in tlie same insect. Perhaps there are few insects 
which eat the same food when in tlie perfect or third slAte, that they 
did in tlie first. Howe%'er, I believe the wasp and hornet are exceptions, 
for they seem to feed their young with what they eat themselve^i. 

The food of insects, when in the maggot or cateirillar-stal*, is com- 
monly very juicy, and they themselves arc full of moisture. However, 
this is not always the case with the insect when in the setond state ; 
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f'lr the maggot of tbe coraraon Tnotli[7'iiwrt UiprlzellajUyes upon feathers, 
hair, wool. &c., which aeem to fumiah much witter or a much moistcr 
eubstance, for thej arc aa &11 of juite as any. 

Of Digestion in Insects. 
Tiie food in many insects, and in the more imperfect animals, does not 
undergci so much change as in the more perfect ; or at least not so 
much of the food is digested ; wherefore thoy ent muth more, and 
prodnce much more escrementa, and that excrement is rery much the 
same ae the food when first eaten. This we find rerilied in the Bttail : 
the ejicremrnte of this animal appear to he nearly the same tin when 
«atcn. In flooe we find the aamo thing ; also in the silk-wonn, and 
perhaps in all caterpillars. 

Of the Teeth of Insects. 

All insects I holiove are not endowed wth teeth. Those that only 
fluck, as the common fly, have none ; yet some that suck have them, aa 
the bee. But in the bee they are used as weapons of ofrcnc« among 
one another, and as modellers of their cells, not as eaters. The t«eth 
of insects are, I believe, always of a homy nature. They are commonly 
in pairs, and are placed laterally, opening sideways, as in the bee, 
apider, lobster, &c. They are of various tihapes, some like two daws as 
in the grassliopper, which are more parts of offcnue and defence than 
for eating. They are placed externally like the bill in birds. 



Of the Weapons of Insects. 

Hany insects, like many other animals, have weapons entirely of 
offence and defence ; others have weapons for a compound use, for 
offence and defence, and for the catching of their food or prey. But 
those that have them for the compound use, when they use them other- 
wise than in catching their prey, do so generally upon the defensive, 
OS, for instance, the grasshopper: fur if a grasshopjier be caught, it 
hitee with considerable furce. However, in the grasshopper it raay be 
on offensive instrument among themselves. The weapons which appear to 
have no other use but for offence and defence, are such as the sting of 
beee. In those insects that have the weapons compound, both moles 
and females jxissBss them, both having the same [need and] mode of pro< 
curing their food ; such as the grasshopper. This is similar to the lion- 
and dog-trib«« ; also to eagles, &c. 

Those insects that have weapons of offence and defence, simply, such 
as the liee. tribe, hnve them only in the female. Tlio»e instmments &r« 
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similar to the borne of quadrnpeda, tbe Hpurs of the cock, Ihe poisoning 
teetli of vipers, Ac. ; hut there ia a singularity attending the possession of 
those weapons in thc^ insect thnt is not in the other animals. In other 
animals these weapons of simple offence arc either common to both male 
and female, or are peculiar to the mole, so that there are more males in 
possession ofsuchweapons than females. And in those unimalswbere such 
weapons ore eommon to both sexea, and are used for offence and defence, 
the males hnvc them better fitted for action than the females. The tusks 
and claws of the lion, the tuaka nf tbe boor, the horns of the hull and ram, 
antJciB of the stag reindeer, are uU better fitted for action than those in 
the lioness, the sow, the cow, the ewe, the hind of the reindeer, &c. But 
weapons of offence ore so peculiarly wanted by the male, that many 
males have them and the females not ; such weapons ore tlie horns of 
the buck, tlie spurs of the cock, tbe tusks of the horse ; so far then the 
males have the superiority in point of offunBive and defensive weapons : 
but this is not the case with insocta. for the females possess the weapon 
in many kinds where it is peculiar to one sex. 

0/ tlie Heart and Blood of Itisecl». 

The heart of the caterjiillar rans all along the bock its whole length. 
[When it acts] it begins to contract at the tail of the onimiil. and the 
contraction runs from thence to the head: it can be traced nil along by, 
the eye. 

The circulation of the insect is probably very alow, if wo may 
judge of the whole class by the motion of the heart in the caterpillar. 
In the siik-wono, for instance, the heart heats only 34 in a minute ; 
however, I have known in the adult human the pulse as low, when lu 
visible health ; and this for many years. Tbe blood in the winged 
insect must ho small in quantity, for when we open any one, we hanlly 
observe any moisture. Itut, as an insect has two active states, riit. the 
maggot, and the complete, or fly-state, we find the blood very different 
as te quantity in these two states. In the maggot or caterpillar it Is 
large in quantity ; in the fly-state it is hardly perceivable : this last 
circumstance takes off weight in flying. 

Of the Circulation in Insects. 

The circulation of the blood la the insect is in itself very simple ; 
yet from our being very familiar with tbe most complicated, viz. that 
in the Tetraenilia, it at first might seem complicated. 

Insects may be said te have neither pulmonary arteriea nor veins, 
having but one niniple circulation ; nor cau they be said te have one 
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iiorta, but mnny : all going out from the long canal of the hoart. 
Whatever bloud id sent out from the heart in the insMt is propftred 
blood ; therefore the artericn serve the pui^iose of the aorta ; and the 
veina, both of the veins in conamon, as also those called pulmonary [La 
the Telraeoilia] ; for the eomraon veins have the blood prepared in 
them, serving the purpose of pulmonary reins in the insect. 

I conceive that there is a great regulaiity in the TtLscular system in 
the insect, although it is not easily uaraveiled. 

Of the ArUria. — The arteries woidd appear to go out laterally, 
in a kind of plexuses', and would appear to form the snme on the 
etoTDBch, &c. 

Of At Veim. — The veins of the insect would appear to be simply the 
cellular momhrane ; bnt they are regular formed canals, although not 
such distinct cylindrical canals as in the quadruped, &c., nor branching 
with that regularity. Tliey would appear to be, or to fill up, the inter- 
stices of the flakes of fat. air-ceUs, muades, itc, and therefore might 
bo called in some measure the ccUiilar membrane of the ports '. 

Of the Respiratory Organs of the Flying fttsecl. 

The oiipms of respiration of the flying insect answer two purposes ; 
one, the purifying the blood, the other for flying. 

It is probable that they are much too large for the finit use : for, in 
the tieetle they are much lai^r than in the fly, because it is mach 
heavier in the body ; therefore the beetle requires more of those organs 
to give it levity [and has wider and more numeiwis air-ccllHj. 

Of the Water Spider [Hijdyachna). 

Obsei'ving a small spider in the water where 1 had two cuttle-fishes 
crawling about. I took it out, and put it into fnnother vessel of] water ; 
and it lived thero very well for above two weeks. It laid its eggs and 



' [The parts licro diwriboil uuwer bM to Ihe slIiKOiing nnun'In, or 'Bliform 
llgsmenb' ofSlmw DuFckheim, rtnd l« Uif entering dnuws, of Uiehnurt.] 

I [Curier suppowd the wliol* of tlie btnod of inierta lo be limited la r«wptai'lM 
of tljii (toecription, and nmspquantlj- dmifd thst Livjr puwrwti] • Xrue dnnilitioit. 
or UistUie darsBl tubo luHed M > luwrt. Tlio morn imcuriita viewBof IIutiIht, bunl 
on (he KoXogj at the alrrad; comniFniaiig invgulsritj and exbml ot the renoiu 
■intuei in th« onulamui*. Iiuve Ihwi ttmplT oonSnniKl b; tJie rNmrcho of Pftif, 
Cam*, un the ' CirtuUlion of thu Blood in the Itirtai ol KphfiHiridit siid LiMlulv.' 
Bee BllUkrHtlm^f* m dm Laram ntttfi'lglifhrr hirltn. Va. 1827. ** mj 
' PraCme to the Auiinsl Kronomj,' p. 22 : snd ■ Phv»li>Iii([ifiiil I'Blalogue,' 4lt., toU li, 
p. 31.) 



OF THE EARTHWORM. 

spun itu thread about thorn in the water, and then died. The colour 
of the lipider was dark, with yellow dark sides, with a yellow buck and 
beUy. 

The aiBc with which spiders cover their egga is from the mouth, ua 
in the ailk-wonu ; not from the anus like that with whiiji they spin 
their web. 

Of the River Crawfish [Aslamjt fivviatiiis]. 

The Ireshwator crawfish spannH in June ; casts its coals In July ; 
the new coats becoming hard in a day or two. 

The male is like to kill the female, about October, with lewdness ; so 
that it is most probable they copulate abucit that time. If bo, then 
they go with egg all the winter, as I have suspected the snakes to do, 

Their four small legs have claws like pincers at the end, with which 
they lay hold of bodies for their pri^reasive motion. 



Economy of Earihwi 



( ILumlirim terrestris]. 



Earthworms eat vegetables, for tliey are found in their stomach, but 
it b seldom that they are seen eating. They, not having teeth, n'ill 
cwnfine their food to such kinds as do not require diriding. Their 
principal food would appear to be earth, from such vast rjuantities being 
found in their stomach and guts ; and the vast quantity thrown up at 
tho mouth of their holos. 

After a shower they come up from the earth and lie flat upon tho 
mirface, having their toil within the hole, and thoy cat the earth which 
is quite on tho surlaeo. Upon the least motion of the earth, they 
immediately withdraw themsdves into the hole. A worm of one foot 
long can contract in length to about three inches; so if they leava 
three inches within the hole it is sufficient to bring in the whole body, 
and it has nine inches out. They go vast depths into the ground. I 
have found their hcdcs leading down six feet in a loose sandy soil. 

September 3Uth, 1774, I observed a large earthworm upon the 
ground with a white spot pretty near to tho anterior end. On the 
same morning I observed two worms in copulation. They had come 
more than half out of their holes, which was about half a foot from one 
another ; they lay alongside of one another ; the head of tho one 
>ieycjnd the ring of tho other : they had turned upon tlieir side, so that 
the belly could come in eonluct. lliey had fust hold of one another, 
but in what way 1 cannot say ; whether by on endeavour to form a 
\'acuum between them like the ends of a leeeh, or bj- laying hold of one 
another by their claws on the hcUy, with which they can hold fast tu 
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any thing they hnve a miud to hold ; as is evident in their keeping 
hold of the side of the hole in the ground, so ae that the aaiauJ will 
break bc<foru it can be pulled out. 

This contuot wan so strong, that tiiej did not separate upon being 
cut through at the part which entered their holes, and also allowod 
themselves to die in one another's embraces when put into spirits of 
wine. At the annular part, in the angle between worm end worm, 
were several white spots, which appeared like very email drops of milk, 
which were removeablo with the point of a pin. 

■Worms have four rows of clawa running from one end of the animal 
to the other, which are in pairs ; each ring having eight claws or four 
pair. They are placed on the belly, and are pointed backwards ; they 
do not appear to act as feet ; but when the head is moved forwards, 
they hold till the tail is puUcd forwards. 

They are tomposed of rings which servo as joints. At the union of 
every two rings there is a transverBo partition which fixes this part to 
the intestine, so that the whole cavity of the worm is divided trans- 
versely into as many chambers os there are rings (excepting at the 
anterior end). These valves or diaphragms art as so many fixed points, 
and always keep the external and internal parts properly together, or 
in apposition r tlicse diaphragms also make so many constrictions on the 
intostiue, which gut swells between them. At the anterior end the 
external part of the worm is connected to the cesophagus by a soft 
spongy substance: then the partitions begin, a little way before the 
first heart, 

llio (ssophaguB, stomach, and intestine is one straight canal running 
from one end of the animal to the other. The (esophagus and intcHtino 
swell into bogs or kind of aneurisms between each diaphnigm. The 
stomuch is composed of two parts ; the first, a pretty large bitg, serving 
ns a kind of reservoir ; and then a gizzard part, or a circular ring, 
which is strung and thick, capable of using cousideruLIe force upon the 
food, and serve in the place of teeth, as in the fowl. 

77ie C(^vJation. of the Earthworm. — The earthworm is a copulative 
hermaphrodite. Thoy copulate in the month of Ootobcr*. ITiey come, 
in {lart, out of the ground, having their tail remaining some way in the 
hole, so as to be able to make good a retreat, The fore part of the body lies 
along the ground, and tliia protruding part is elongated or shortened 
according to the distance thoy aro trom each other -. and they move 
this exterior part round about the endoecd part, im round a ccntro 
in search of a mate; and when they meet with each other and touch, 
they throw themselves on one side to oppose the under sur&co to each 

• Tlic* aUo topiilnte in tlio bi^iiiiiiii); of Div ■iiuiiner. 
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other, t^umetimee tbey are at auch distances from one another as nut 
to reach, witliuut one oomiog entirely out ; and aomotiintis thoy are 
both out. 

This need only take place where there are hut few in number. Some 
oue ^all come out when there is no mute near to engage and he 
ongagcd. They do not oppose the some parts to each other, as bcod to 
head, and of oourae t«il to toil, but in contrary ilircctioos, by which 
means the mule parts of eucU are opposed to the female of each. Some 
way behind the anterior end there is an annular part which belongs to 
one uf the parts of the aexea, and, before this, about an inch, there are 
two orifices, one on each side of the under surface, which 1 suppose 
belong to the other parts of the aex. They copulate before they are 
above one third or fourth grown in size. 

They generally come out of their holea about nine o'clock in the 
evening; and in the morning, by daylight, we tind them united, and by 
tan o'clock they arc all retired again to their holea. When it is cold, 
or when there is u hoar-frost, they arc not to be found in tbia act. 
They continue in the act for perhaps about twelve hours, but whether 
this time of retiring arises from the indnence of the time of day, or by 
being disturbed by what is passing during the day, J tvill not aay. 

I placed murks to several in the act, to see if the same repeated their 
operation!! next morning ; but they did not, although there wore many 
that were in the act. 



Geographical Distribution of Animals. 
The locality of some animals would make ua believe that their forma- 
tion was of late date when compared to the world ; or else that the 
present face of the globe was very old or original. The first we can 
hardly suppose, and as to the lost " very old," if that was the case it 
would still show that the ori^n of animals was progressive and of couree 

It is a curious circumstance in the natural history of animals to find 
most of the northern animals the same both on the Continent of Ame- 
rica and what is colled the Old World; while those of the warmer 
parts of both continents are not so. ITius we find the bear, fox, wolf, 
elk, rein-deer, ptarmigan, iSc, in the northern [mrta of both. How- 
ever, birds are not to bo considered as entirely explanatory of any 
theory of this kind, ns they eon so easily move from place to pbice : yet 
if we can show that it is upon the same principle that the same animals 
occur in tlie northern ports of both Continents, one fact then explains 
the olhn. 
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The reason why the same animals are to be fouud in the northern 
ptirts ia the ireamesi* of the two continents. They are so near ns to bo 
within the power of accident to bring the animals, especially the large 
ones, from one continent to the other; either on the ice or even hy 
water. But the oontinenta diverging from each other, southward, ao 
as to be at a very considerable distaiins from eaeh other, even beyond 
the flight of birds, is the reason why the quadrupeds [of those southern 
repons] ai'e not the same [in both continents]. 

It is reasonable to suppose that those animals were natives of either 
eontinent, and of the northern parts, and that those animahi which are 
spread over all tlie old continent, but domestieated, Huch as horses, 
asses, cows, sheep, some deer, hogs, &c., were animals of the more 
southern parts, and that their universality in the colder parts is only of 
modem date. 

Most animals, probably, have the disposition to keep to their place 
either of nativity or adoption. Those that are not animals of passage. 
of course keep to their place of nativity ; but this is much more con- 
fined in some than in others. A pigeon [the Iloek-pigeon, Columba 
lima, e. g.] keeps to the very spot, viz. house or rock, even to the 
same hole; a dove [the Iting-dove, Colutnbn Palumbmi, e.g.] keeps to 
the wood, but not to the same spot or tree ; therefore, it wandeni a 
little. But birds of passage. I believe, only keep lo their place of 
adoption, and this very strictly. A swallow builds, if allowed, in the 
same nest or aame comer of a window. Thus animals which have taken 
up a residence, whether their native one as in the case of the pigeon, or 
their adopted one as in that of the swallow, crow, magpie, &c., keep to 
the same place. The drcumstanc« of adopting a plac«. shows that the 
young of those do not keep to the same rules, only those which keep to 
their place of nativity. 

Some animals burrow for protection, habitation, ftc, as the badger: 
others for their livelihood, as the mole, and probably the mole-oiii^et. 
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ON I.IFF. AND THE I.IVlNr, I'RINCtPT.K. 

Analogy of Life to Cumlntstion. 

Ik the works of Nature, where we see a aimilnrity in principle, or cherts 
produced from similar imuses, it is K'uaonnblp to sujtpose that they 
[those works] are similar in their great principles, and tlifrefore mny 
tuise &om one cause. If this is reasonuble, we see that whot we hare 
been saying with reganl to fire and air in tlie Tntroducton,- TreatiKe, 
may he applied to the hings. There we esplainod in what manner air 
has an effcot upon fire ; but, without being able to explsin this, wo see 
that air. some way or other, is of great service to flrc . It is from this 
thai we draw the analogj- ; and what we want lo do here in to see if 
the explanation of the one will apply to the other. 

I woidd eonfiidex Life as a Fire, or something similar, whii'h mipiht 
for distinction's wdte be called Animal Fire. 

like comnion fire, it wants a constant snpplr. without which it would 
be extinguished ; and, like (Common fire, it seems lo ho let loose in the 
lanfcs, so lui to be fitted for animal life, hefnra.ii set^ out on its great 
office : and this letting loose of the animal fire seems to depend upon the 
air. as much and in the same manner as cnmmnn Are. So that, instead 
of something vivifying being taken fi*om the air, the air carries off that 
]irtn(-i[)Ie whicli encloses and retains this animal tire. 1 do not mean 
reiil and actual fire; but something that is similar, and is effected and 
brought about much in the same manner. And by understanding; the 
one, we are led, in Aome measure, to lie knowledge of the other ; ao 
tliat the aliment we take in has in it, in a fixed state, the real life ; and 
this do(« not become actire until it has got into the lungs ; for there it 
i» freed from its prison'. 



' [Both HippocratCT (Opera, lom. i. p. 112) ftnd Hurrej (Kiordt, 71) ware in- 
dui!iii-od b; lhi» iHuilogy of (he animal operMions lo the conaumptiea of bodiH by 
Are. and iilenliUpd l.hp vital prini-ipir irilb thai eletoeiil, u the Ci'/idfu rnno- 



i UBRKW ■ S\ k'tVrCJWa 



114 



PnTSIOLORT. 



Living Priticiple, its union with Body. 

The Living Principle is not dmply diifused. but it is combined, or 

makes odo of the constituent parts of the whole, and the variety of 

actions arises firom tbo construetioj] of the parts. I should call thchannony 
hetweon one part of the body and another 'Titnl harmony;' as, for 
instance, the harmony of the blood with itself; the blood with the 
vessels ; one port of the body with anotlier, where the connexion is only 
contact, which parts can bo shifUid without injury owing to this 
harmony. 



Living Principle, its Nature and Degrees. 

A young animal has the Living Principle more lively, but jierhape 
not so strong, as an old one. Injuries tJiat do not affeot the wliole, are 
sooner repaired: a broken bone nnitea sooner; n cut unites or heals 
sooner. But the wliole liring prini'ipJe i» sooner destroyed: young 
animals cannot endure hunger and coM so long: jiain throws thom into 
convulsions, eo as to destroy life itself. 

Whatever Life is, it most certainly docs not depend upon structure or 
organization*. In eontradii^tion to organization being a cause, we find 
in general that the tcRst organized are the most tenacious of life. Thus we 
find that, in general, the most imperfect animals arc the most diffieult 
to be killed, when the actions of the parts are stopped upon which life 
is continued. But this is not constantly so, therefore peculiarity of 
oi^ani/alion is not in the least necessary. 

A. still stronger proof than tho one above, that organization is not 
essential to Life, viz. that difibrent organizations malie no difference 
[in respect to life in the abstract], ts, that different animals with tho 
same organization are very diiferent with respect to their being easy or 
difiicult to be killed by the stoppage of those operations that continue 
life. For instance, an eel will live out of water for many days, while a 
muiTkercl dies install taueou sly : a carp will live many weeks out of watt-r 
il' kept in a moist place. These differences only resijcct respiration ; 
which, however, is essential to lifS, although not no nnicb so in some 
aniniuls as in others. 

A verj- great diffen^nce will take place in the same organization wtli 
respect to food ; a sparrow, a linnet, &t., will soon die, if not r^ulorly 
supplied witli food; while au eagle, hawk, swallow, &e., vn\l live n 
great while wltliout a supply. Tlie food iudtM>d is different, but the 



' [1 Isflve thcw fmagut without «oinni«it: Uiny ma; kttc to IhroK light o 
oft™ moo1«l qvml.iim of Ilunfir'* rml o|>iiiii>n« iiii Ihe milyi-M.) 



'imNtnictiou of die two aniinals is exactly tli^ same, nnd therrf'or 
peads upon Bome peculiarity in tlte ' Fiineiple of Life,' 



Living Principle illustrated 6y the mutual altraclion nf Parts firr 
union. 

How ilo ptirts of u living body grow into ono nnotlier? 1 should 
suppose thnt ttiiB is ciiitirely owing to the simple living Principle ; 
that whenever two purta which have an affinity^which are sensible of 
one another— come into contact, and the impression each receives is the 
same, the effect on both must be the same, and the desirea from such 
sensations the same, like a kiss. The result of which is, that thoy 
come into mutual apposition, vessel to vcstiel, and the two became one 
substance ; all sirailBiities on each side attaching themselves together. 

The Living Principle appears to be the same' in all onimak; for 
whenever two parts of the same animal, or two parts of (hfl'orent ani- 
mals, come into contact, they unite into one ; and il" both have con- 
nexion with tlie heart or heartis, each part is in some moasuro supplied 
OS before ; only, that each part is capable of supplying its neighbour. 
But if either part be deprived of its heart, either before or aft*r it* 
anion, that part is immediately supported by the other, and its Living 
Frindplo ia supported ; but nothing more is done ; for, whatever dia- 
poration cither or both had, they still retain that disposition and acquire 
none of the other. For instance, a spur of a cock still continues to 
grow a spur when transplanted to the comb. Nor does the stock on 
which a sucker of a tree is inserted seem to be altered in its disposition. 
Each with regard to disposition seems to be a perfect Being, with one 
Living Frinciple. 

Of Simple Life. 
We find this principle called ' Simple Life ' much more in some animals 
tlian others. This difference is not eoniined to peculiar classes of animals 
entirely, although it is so in some degree. I believe it is pretty equal 
in all the Tetraeoilia. Few. if any. live long after being deprived of 
the action of respiration, or of communication with the brain ; life, 
indeed, is then of but very short duration. However, as none of this 
class are uniformly constructed throughout, there being some parts 
which have a greater dependence upon their connexion with the first 
principles [of life] than othora. we find that ' Simple Life ' is of much 
aborter duration in those parts than in those which have not this con- 
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nexion. For example, the voluntiiir mufieles lose this [simple lil'cj 
much sooner llion the involuntary. Thia is carried still fiirther la Buch 
involuntary pui-ta as ure niero aji^ndages of the animal, among which 
the secundines may be reckgned. I find that the umbilical artery and 
rcinsof acalf will contract, after being cut, four times twenty-four houra 
after the death of the animal, whilo the other urteriea of the same calf 
win not contract when cut in the same manner, after it has been 
dead tu'enty-four hours. So fur we find a veiy material difference in 
parts of which the construction and use are the same. This experi- 
ment was made in the winter of 1 780. Probably they could not live so 
long in the summer. However, both the experiments were made at 
the seme time, which shows the coinparntivB powers of these two vessels 
of the same animal. 

This principle of simple life is much more universal in one class of 
animals, viz. the Tric«ilia, than in thoae we have been speaking of. It 
exists, I believe, univerBally through the whole of this class [TrieoiUa], 
in a much greater degii-e than the above [Tetracoilia}. The Tricoilia 
have also some parts of their body which are ]>0Bses3ed of a greater share 
of it thtm others, vii. the voluntary muscles, which have much less of 
it, or lose it much sooner, when deprived of their sensation, than the 
involuntary [muscles do] : bo that this class of animals is pretty uni- 
form one with another, as is the case with the fli-st, only they have 
more of [irritability or ' wimple life'] ; but we have reasons to suppose 
that they have less of the nensitivo [hfe]. 

In another class of animals, viz. the Fish, which in inferior to the laat, 
this principle [of Simple Iife]ianot nearly so uniform through Uie whola 
tribe as it is in the two ulmve-mentiimed classes. We find some fishes 
dying instantaneously upon being deprived of the sensitive life, or that 
upon which the sensitive immediatelv depends, vix. proper circulation. 
Rnch is the ease with mackerel upon beingtaken out of water; while others 
will live for a considerable time when all sensation is gone, and when, 
of course, thexe is & cessation of all voluntary motion : such is the case 
with Uie eel. when cither taken out of the water, or when its head hiis 
been cut off, or its heart taken nut. Thei* is. then, a great ineqiuility 
in the same class of animals with respect to this principle. 1 shall mit 
at present purouc the subject into other clns8e« of animals ; the almve 
Uiree classes, with the variations they admit of, are sufficient for tlie 
explanation 1 at present can give. 

There is nothing in the nervoiis system, that I know, that can give 
any light on this siibjeet ; iillhough it is possible that lliey [Simple 
Life and Nen'ous 8ystemJ may be immediately related, or that some 
other principle mny hf the uriginal cause [of Simple Lifej. 'Hiat there 
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is iLouthor ])riavi]jle [or cause} is evident aud demoiistnLbli; ; llus is tho 
blood. But whcthtr this fluid is immediately concerned, or ia a re- 
mote cauBc actiui; upon the nerves, may not, perhaps, be easily deter- 
uined. 

Let us now tiucc this cause by compiuing the bloudti in [the abovej 
different [classes of] animals, and sec if. wbi-ro thu biuod is similar in 
nnj two dissimilar animals, the principle above mentioned be sindlur ; 
and, if so, in what rcnpoct the two bloods are aimilur to produce this 
similar effect. In the first class [Teti-acoilia} the motion of tho blood 
is fixtromely [rapid and the blood is] perfect ; and this porfuetion de- 
pends upon the single circumstance of its having been thoroughly ex- 
posed to tho external air by means of the lungs -, so that none of this 
kind of bluod goes to the body but what is truly pulmonarj- [in the 
tionsu of having circulated through tho lungs]. In the second class 
[Trloiilia] the blood has not this advantage ; tho construction of the 
parts upon which the motion of the blood depends will not admit of it : 
aud we Ibid the blood passing to thi; different parts of the body very 
imperfeot in this respeot. It is fomposed of a mixture of pulmonary 
[i. c. urtcrial] and venal. So far these two [classes of animals] are not 
similar ; and we observed that they were not similar in the affair of tbu 
continuance of t^imple Life, when deprived of the sensitive, and of the 
motion of the blood. So it would seem from this view, that the 
greater power of Simple life in the one over the other was owing to 
an imperfection in the bluod : but. most probably, this is not the ease, 
as will bo mentioned hereafter. 

I>^t iw see how far the third ela.ss [IHeoilia] will throw light upon 
this subjuct. Tlie mackerel and the eel are exactly of the same con- 
struction as fiu' as relates to tho motion of the blood ; therefore, from 
tho mure construction of tho parts upon which the blood's motion de- 
pends, no ailment can be brought to bear. We find that a mackeivl 
loses the Simple Life immediately, whether it be depiivcd of the bluod's 
motion, or be deprived of perfect pulmonaij blood ; cither of these causes 
having the same effect. The eel retains the Simple Life fur a consi- 
derable time when, either deprived of the blood's moliun, or when de- 
prived of the perfect pulmonary blood. Hence we might conclude that 
this principle of Simple Life does nut require perfect blood, and there- 
fore will exist a considerable time without blood at all. And it ivill 
follow, that an animal which has a superabundance of this principle, 
will have, in the same proportion, less need of a perfect blood or ei-en 
blood ut all, and will retain the principle of simple life a much longer 
time than those who have less of it and more of the sensitive life. 

Do animals which ai*e easily killed sooner puti-cfy ihiin those that 
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are not"? A muckorel, for imstanco, which dies the moment it ia ttikeii 
out of the water, also putrefies verj soon : Is this drctimstiuiue owing 
to the first ? Does an eel, ft turtle, or a snake, &c., whluh are very 
unwilling to give up life, keep a long while after hfo ia gone ? 

Lass of Simple Life. 

A young mEUi, Eiged about twenty, came to St. Goorgo'ti Hospital for 
consultation about his leg and thigh. They were much smaller thou 
those of the other side, had no motion in the snkle'joint, and but very 
little in the knee. The limb hung like a motionless body: it was very 
cold ; while, with the same oovering, the other limb was warm. In 
the winter ho had chilblains all over the aficcted foot and leg, which 
were very painful ; for he hud scnsutiou in it'. Ho hud aomo motion in 
the tbigh'joint, and the little motion in the knee-joint seemed to be 
owing to the long muscles of the thigh having some pon-er at their 
upper end. 

Degrees of Simple Life. 

Animals in proportion to their simplicity have the Simple life in a 
much greater perfection than the more complicated and perfect. All 
the natural ^nctiona go on with more regidarity, and their powera ore 
more. They can make up losses much better. Our simple life is much 
more confined, and can do much less for the body in cuse of accidents. 

Is that principle we call 'Habit ' in any way akin to Simple Ijfe, or 
is it a kind of substitute ? 

Simple Life is in proportion to the imperfection of the animal ; even 
iu the most perfect classes of animals It decreases as the animal becomes 
pi-rfect. I'erhapH thia in owing to a want of habit in it ; for, as tho 
scnttitive life increases in the ratio of perfection, it takes off ftxim the 
umplo)-mont of the other principle, which is much leaa the euae iji the 
raort: imiierfect animals. Quicre, How is it in an Idiot ? 



Action advene to Simple Life. 
Simple Ufe is much atrongcr in vegetables than in animalH ; fur a 
vegetable, when romo%'ed, will live the flrtit year, but [sometimt^J die 
the second. This is owing to the original life still existing, but the 
roots arc not capable of keeping up its continuance. If Simple Life 
had been of as short diiration ns in animals, it ffhe plant] wo<ild not 
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haie continued iu growth for many daya or hours. lU death is gone- 
rully in the sammer, when it is necessary to huvo an increase of life ; 
bnt thn roots hcing unahle to procure it, It dice. It has just life enough 
to keep it longer alive in the winter state. This is similar to lizards 
which have been in the cold and are very weak. A lizard which would 
have been eajMible of living a mouth in sueh a weak state, and would 
show but little alteration in the cold, would die in an hour if brought 
into a wann room. It would seem as if a certain quantity of Simple 
Life was necessary to support the acquired life, or that life which de- 
pends upon particular circumstances. Some trees have muuh loss of 
this life than others ; for. in them, they aro not able to shoot forth the 
firet year. 

The more complicated a machine is, the more nice its operations are, 
and, of coorsQ, the greater dependence each part has upon the other ; 
and, therefore, there is a more intimate connexion through the whole. 
This holds good in society. It abto holds goud in the unimul economy. 
The most perfect animals cannot be hurt in part without the whole 
suffering, while the more imperfect may be considerably hurt without 
the other parts suffering much. Thus we find that a man cannot lose 
a leg without the whole frame t-Tmi>athizing with the injured parts, aa 
if conscious of a loss ; while a frog appears to ho but little hurt. A 
snail. lobster, lizard, &c., can lose many parts which will bo restored 
again. A polypus is still less hurt by amputation ; for a now animal 
6IVKS out of the wound or eut. So far we find a gradation from the 
animal to the vegetable. 

Hodies which have a living principle con be acted upon by mechanical 
or chemical principles ; but not by such a process as the fermentative, 
that is, they have not fermentative powers in themselros. 

The act of freezing, simply, does not kill either vegetable or animal ; 
it is the quantity of cold that kills. A vegetable that cannot hear the 
cold of 50° dice, although it is not frozen ; a vegetable that cannot bear 
the cold of 30° or of 20° dies, although it may not be frozen before it 
dies, but will be frozen after ; which will give the idea of its having 
been killed by the frost ; but a vegetable that can live in a cold of 10°, 
may freeze at a cold of 15°, but will not die'. 



Deffreef of Excitements and Sedatii-es. 

We have natural actions ; then stimulus, or increased escitement, 

to perform the same action ; and then irritation, which is to perform 

' [Tiia asertioii needs uxiHTiiueuLai proof, i. c. of llio sfrtuol i-'lmngi-' of lltn 
tiMure i-oiiBHiueut on bting friscn md ll^rpbj ibowiiin llie fm'.] 



tt new action ; wliiL-h i» two removes. We have uetions, Ihon sedalivna, 
vhieh ia a diminution of either natural ot acquired action, and whiuli 
ie the opposite to stimulus : but we have not a something that sfaa]] 
produce indolent discaaci, whiii would be tlie opposite to irritation. 

Stimulus is either mediate or imniedintc. The mediate often arises 
from the imraediato. The immediate is mutitly local. Ilif mediate mostly 
constitutional. Every part of an animal that acts from impreedon, acts 
from an instinctive principle. A specific action in tlie body is bimilar 
to an abstract idea in the mind ; it is sepiu'ating and combining. When 
& raorbid poison is applied to an animal that is not capable of taking on 
the [specific or poisonous] action, from what does this [incapacityj 
arise ? Is it from thu animal not being swtceptible of the irritation 1 
Or is it from the vessels not being capable of taking on the action ? 

Perfect health in Merj- constitution requires for its prcwTvarion a 
regular influence or application of e\'cty natural thing. But this tiui 
never be obtained ; for, ftom llie chimgee going on in the natural sur- 
face of this globe, and the natural predicument in which it stands with 
respect to the heavenly bodies, it bcwmes alfficted ; all becoming cither 
predisposing, immDdiale, or eoutaminating cnuses. Thus, damp situa- 
tions produce ogiies. or become n disposing cause to this diseaae. 
Dry or wet weather, the seasons, tho atuation respecting the sun and 
the moon, become an immediate couxe by hastening on the action of 
tho diseiise. 

Every motion in matter produces wat-te : whether it is u mechnnii-id 
motion, as from impulse of any kind, or a motion within itself, arising 
from an internal power of iietion, as in vegetables nr animals. Tho 
supply in the first need not l>o of the aome species ; nllhmigh tho better, 
if BO ; but the supply in either the vegetable or animal mufft bo of thu 
name [vegetable or animal] nature. 

Animal Ueat. 

.\jiiniul heat is hardly to be accounted for upon any principle tbat 
we know of, excepting the decompositions and combinations that often 
tulle place in the body. 

The quickness of both [cau^s of animal heat] is very strange. James 
(Campbell, from being excessively hot, would become idmost at onvv 
extremely cold; much sooner than he could have done if his head had been 
struck off, and left to cool, and in an instant would become hot again. 

llio injections of nitre and ipecnciianlM into the blood of uuiaiolH Hhuw 
this qtiick ti'snsition from the one to tho other. See my EjiiH-rimeuts'. 
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The new rambinatiuns cwiniit be in everj- purl nf the IkhIit. os Dr. 
Stephens supposes: for (hat combination will gii on in the grentcst 
ooU ae well as in tie groateet hent. nnil will pn>ilm?f thi" siinie hest in 
both. If tills were true, then we should never be eoW. But we find 
wo may liecome bo eold as tliut a part ahull morti^-. I do not imngino 
that animal heat ainsea from putrefaction, or from aotions at all of tho 
putFeJaedve kind; but from tho chyliferous fenneutation in tho 
utomueh, the sanguIferouB in the lun){s, and [the molecniar in | the vcest-Is 
in geuerul in the body'. 

The heat of an animal uunnut arise from it-spiration [alone] ; for no 
animuia respire so Ireely as fishes* : ret they generate voiy little heat, 
but when called njion [its in a frcering mixture |, and then tlieir powers 
«t respiration must be verj- imperfect. 



On liespiration. 

Every part of an animal so exjiosed to tlie air as for the bloiKi to be 
affected by it in such manner as to aupport life, may be called Lunga, 
or Iteapiratoiy Organ ; but what is commonly understood iia such, is 
an uppiiratud formed for that purpose, as a distinct part of tho animal, 
but I conceive it very probable that there ore animule 80 simple in 
their eonstruetion us not to require a peculiar structure for tliis purpoau. 
I even know there are many so constructed, where an apparatus of thin 
kind could not be applied, sucli an apparatus not according with tho 
othor parts. Yet I do conceive tliat in such the appUcutiun of air is 
as necessary as in those where an apparatus is formed ; but where 
thero is a distinct respiratory apparatus, there must be otlier corre- 
sponding apijaratuflcfl. 

'ftTicrc thero is such an apparatus, we find it admits of forms fitted for 
tlie different modes of respiration ; yet all are included in tlie tenuis 
Brawkice, or Gills, and Palmaiut, or Lungs. But there should be a 
geueriu term, admitting of divisions into specios, so as to be charac- 
turistie of the orders of animals to which they belong. 



' |In k bat the iDimal beat can be raised or tlcprrsfed st plEwure. uy from .'>n° 
F«hr. lo li.")", and inversely, merdj by ii«*le™ting or retarding pespiralion : wbicli 
emmi lo riioi' that wliere the whole' constitulion u adapled for a high (eioperature, 
eoiubiiiiid widi the fncull; of loniig it by torpidity, tlie animal beat uiHy be gene- 
ral«d bj the respiratory independent of tJie digestive pnwess ; but u lipciilolion ia 
tlircdly ns rmpirnlion. the rhange of lbi< bloKl !□ Ibe mpillariet may also OHiat.] 

' |ThcviiiblemoT«m<mtBof nvpiratioiiin fislicsiire ■tronp^r and more frcquenl, jii 
reference lo tlie dwiner nmliiiru lo ho moved, but the m'ltuil amount of reapiratury 
i4uinge is 1ot« than in Ibe nni'in- blooded animal* thai broalhe the nir diirctly. A 
Iriior riew of tlw brwubiiig of Holies is taken in thr nrit iHimgrBpli, 
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Without n collecting and a motion of the mitritive jiiiceii, I can con- 
ceive there can bo no respiratory organ ; for I find that the different 
uirculations in the different orders of animals, aa far as I know, are no 
connected with difiereat kinds of limgs, ns for cither system not to be 
intolli^Io alone. For, first, the different circolslions cannot be de- 
scribed without including the respiratory apparatus, as this makes a 
portion of the eiiYulation : nor will the more strmrture of the lungs in 
different animals explain tJteir full purposes : tmd as their whole use is 
upon the hlood, and they are thus connected with the circulation, it is 
impossible to understand the one without the other ; and this so much 
so, aa ffl miike it difficult to say which ought to be described first. 

In auimnia where there is no circulation there can be no lungs ; for 
lungs are nn apparatus for the air and blood to meet, and e*n only accord 
with motion of blood in vassels. But whore there is no circulation, yot 
wo must suppose from analogy that the air affects the juices that are to 
cany a continuance of life and support to all the parte of the body*. 

As the lungB are to expose the blood to the air, thoy are so con- 
structed as to answer this purpose exactly with the blood being brought 
to them, and so ^sposed in them as to go hand in band. The lungs in 
all animals arc therefore planed near the heart, because it is tlie circu- 
lation only that thoy are concerned in. 

The inunediute action which puts tho lungs into use is called 
* breathing,' and this action is commonly performed by the aurrotuiding 
parts, being a motion of dilatation, wtiiclt produces or is called ' inspira- 
tion i' andof compression, which produces or is called ' expiration:' these 
motions of ooutho are altematet. 

The respiratory oi^n, which must be considered as an appendage to 
the heart and vascular system, is so constructed us to allow the blood 
to be placed in such circumstances with respect to the external air as 
to give or receive Bome influence from it. 

In the most simple animals, and such as breathe water, the whole 

• It may be oUervod that tho fatta in vtrro a a Dontredicijon to iliU ; but wc 
mint (uppoM tbat tliH oiTwtt ot air in tlic lungs nf lhi> muUm' {■ mnvuyi'd (o (Jio 
futDB. But UiH re8|nraticn of iJie rirtiu in tliD Tiiipunui Amid bii «gg oiuinoC be no 
ea«ily annunted for. aiiioe Uiers is no oommunioation willi eitbnr llie niolhor or 
eilenial air ; but tho ^g in Uu: oviptroiu would anoni to bo in the oiuite prvdiM- 
ment, jct I knov Uicy iHlt not hatch witboat air. It u probablo that ill thoac 
Bnimala vrithin uiimala \Enf"fia\ urt liniilar to tJut viviparous from an egg, 

t Somu aDinuUdo not iireot by Uw >kin : in all tboae we find llialllioir brcaUiing 
bnaimia iDucli quicker in *Brm weather ur from eurtvue lluii vliat it doca in tluiia 
that aweat rml;. I'lwy gMiHraU} brcatlut villi o)iai nioulli*, ri«. dc^ fibOTp, eoalo. 
Dien, towlt. &0. Ac Thit tronld liint ■> much a* that Iho iwcat and hRalli wrrr 
u™rl.r the saii.P. 
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upparotus is to have a considerable quantity of very vascular aurface 
lirtmglit in ixmtnct with the medium in which the animal Uvea. 

In the idr-breuthing orders abore fiah, there is a aimplo hag, very 
VHSculnr, for the reception of the air. and this in divided and subdivided 
OS wc proceed tov-ardit tho more pcrfed: animals, till at last the oells 
arc infinil<'ly am all. 

The Inn^ may be conaiderod. respecting their blood-vesacls or dieu- 
ladon, ajt similar to a gland : for the blood eeut to them is not for their 
own pniper use entirely, and indeed only a veiy amall portion of it is 
for thtrir own use, the larger portion being intended as a secretion from 
them, an ah» t« rcceii'e. 

The lungs may be called the Spring of Life ; t conceive thom to have 
two powers, one lo receive, the other to g^ve. I shoidd consider tiiem 
giving to the air what was rendered useless or detrimental as a consti- 
tuent part of life ; and exchanging it for that which it hod lost, the 
essential port. 

The minute division of the lungs into celht, the arterial and venous 
system mmitying upon the surface of those cells, and of course the 
whole of the blood passing through them in every circulation, with the 
losa of hfo upon the missing three or fuur breathings in the most per- 
fect animals, show tho great nicety that is required in the due properties 
of the btuod fur the lil'e of those animals. This nicety ia not near so 
great in many of the less perfect animals. Tho Am/ihihia have not 
this minute cU\4Mion [of tho lungs] : the whole of the blood does not 
pass through the lungs ; and they can live a considorablo time without 
breathing. It is still less essential in the more imperfect nnimnls, anuh 
as fishes, and still less so in some tlshea than in othei-s, such as eels ; and 
these live a long while out of water. 

What proof is there that respiration continues life throughout the 
body ? and how como the Amphibia to have so great powers of life 
with so little respiration ? Whatever the effects of respiration are, 
nich effects should keep pace with tho cause. There is reason to pre- 
sume that heat has some natural connexion with the respiration of air ; 
for the degree of heat is in proi>ortion to the degree of respiration. 
From the chemical change produced on the breath, is there not reason 
to think that one purpose of respiration is to produce a chemical change 
on tho blood? Expired breath is loaded vdtii fixed air or uiirial acid 
fcarbonic acid], and thia has been proved hy tho French chemists and 
by Mr. Muire to bo a compound of charcoal [carbon] and vital air 
[oxygen]. Il would appear as if charcoal were an excreroentitious 
part of tho blood separated hy combining with Wtal air. 

Lungs that are lull of blood and of a dark colour soon become florid 
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when exposed to tha uir. The liver llio same. This shows tint tlio 
influence of the air can out through tho eoate of tho vessela. 

\\Tien I was injecting tlie lungs of a man, tlio injection did not nui 
fruoly ; I then infiutcd them, nod found that tlie iujoetioQ immediaUily 
nin with freedom. 

I find that iii the human lungs there is tt thin ctirtilage at the angle 
of inflection of two branches [of the bronclUa], where it is niL-mbranouii 
both in the trunk and in the two brondhea. 

Tho cells of the lungs seem to inureose in sin) the further from the 
ti-unk, or trachea; su that the trachea und its ramifieatious bear no 
proportion to tho t^Ils. 

It ia impossible fur tho lungs to be so collapsed, while air in excluded 
the chest, aa to olistruot mechnnieally tho passage of the blood through 
them ; and, if that were roftUy the caae, there never eould bo dark 
blood in the left ride. Tor if there is a toUupse, then there is no 
motion of the blood: all stondn stiU. If removing the collapse be the 
esMentiiU thing, or what is absolutely neecHstiry in the recovery [of 
ill-owned or asphyxiated persons], how have so many reuovci-ed wheiv 
euvh attention has not been used ? 

\Mien an unimul dies whoso eireulutiun goes on through the lunge 
after respiration eeusos. tlio collection of blood in the two vontriclea is 
not exactly of cfjuid heiits, the right being warmer by one or two 
dugrocH than the left ; und if au unimul dies while the lungs lu-c in- 
tlut^id along with tho actions of the heart, where the blood in tho liglit 
ride is dark and the left red, the heat in the right ride will stil] he 
gi-ctttor : but, upon u-aiting five minutes, the left will lie several degrees 
warmer, so tbat the right either loses its heat faster or the loft generates 
heut. But thb last purt which I am going to relate has not been tried, 
when both sides were hlack, with that aomrucy as the first ; vix. which 
ride of tho heart ceases to act tinit when respiration is kept up, and 
which side begins first upon inllatiun. 

Coleniion ' asserts tliat inflating tho huigs alternately, and the heoj't 
acting, there is no change of i«luur in the blood of the left uuritJe, 
which cannot be true. 

Tho only time that water cnn powtibly get iutu the Imigs, in drown- 
ing, is just at the lost iuHj'iration, whiufa is an insiiirulion of extn>mo 
necessity. 

The projwi-tion of the blond conbunod in the two m^ of thf heart 
after a violent di'«th, as by drowning, hanging, or suffocation from bod 
uir, is oommonly as 12 in the light to 7 in the left side. Itut, iu 

I, of iliit Vvurrinty CMf/fa ; ihe work rtifcnvil ro 
tiHlurjd aud iiitpciiilcU Ri«| mill ion." l^vo.| 
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hanginp. if tht lung* be kvpt dUti-mlfd iu tlit- tinio of himgiug. tJieii 
thp l«ft will haro ibe lat^cst qiinnlilv. 

As the right side of the heurt auta longer than the left, one might 
suppose that the li-ft side should be the fnlliT; hut I inmgine tliat its 
action at this timeis with so little force, that no blood is sent to tbt lungs. 

As moBt of the blood in the bodj- will always be rather conduet-od in 
the Urgervcusels and of course the heart, and us the right wdo tontain* 
12 where the left (^ntnins only 7. does this not support a presumption 
that the proporticai between the [blood of the] body and [of thej lungs in 
08 12 to 7 ^ However. I should think the body [would have] much more. 

The blcK)d being in the lui^r veins and heart is a jiroof that the 
arteries aft longer than Ihe veins : and that the cupillury veins act 
longer than the lar^T oum, or even than the heart ; and the blood in 
the left ventritle will be tlie florid red. 

By letting the blond out of the heart when much distended, it acted. 
Was this produced from emptying it, or from wounding it ? 

^V1lllt IB the conuexiou of muscular acticm with respiration ? For it 
ut well known tliat violent cxereise excites respimtion to a great degree. 

The true amphibious animal, if suth there be, ia such as can breathe 
both ail' and water. The turtle, frog, &e,, breathe only air; and areBuch 
as can live without breathing for some time, similar to many animals that 
neror go into the water : but they live in and by the air. If these animala 
are atnphibioun, all aniniuls ai-e amphibious, although in a less degree : 
for all animals can live under water for aome time, viz. as long as they 
can refrain from breathing ; longer than which no animal can live. 

Tlie knowledge of the differences in the circulation in the diiFerent 
classes of animals, has gone no fiirther than fas they exist inj the 
MamitiBlia, the bninan subject, the fcetus in snch, and what are called 
the Amphibia : and, of coune, every piece of reasoning respecting the 
rirculution, which includes respii'ation (these being immediately con- 
nected), has l>een brought in to explain, upon those differences, the 
other variations between the two classes of animals. But [the eircu- 
lationj cannot bo a cause of such variation ; because other classes of 
animals shall have the similaritieJi [in regard to circulation] of the one 
dam. while they shall have the varieties of the other' ; and, in some 
classes of animah?, where the circulation and respiration is the some in 
the whole class, yet the heart in some shall be like the human, and in 
olhera it shall be like the amphibia". 

' (Birds, for eiainple, have the four-clinnibfred lieart and perfect wspimtion of 
munmnU. bat Iibvi> the oWparoiu genenliun und llie general plun of ttnicture of 
HepliWl 

' [CnKMililifi, for einmple. have ihc four-pliBinbpre.1 hmrt; biil nitli an arrange- 
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L<)i)se Notes and Qruvies on the Blood. 

I think it iH probalile that not anything that is mochonicftUj' diffuRod 
tbrougli the blood, can agree with it, and I conmve that it will motit 
probably kill. Thus uir, mOk, &c., kill in very small quantity. There- 
fore wliatevcr agruM with, or does no hurt [to the bloodj, must be iji 
Htiliition in it, although at the same time every thing tliat may he in 
Holution may not agreo with it. 

"What would bo the consequence if a part of the cireulaling blood 
was deprived of life, aa from a part being etnick with electricity f 
But probably a part eaonot be struck ao as to kill tho blood only ; the 
whole muflt die. 

Arterial blood becoming dark in the living body by rest, as when 
extravasated, and not in a vcasel, shows its living powors. 

There appears to be a greater variety in the quantity of red blood in 
birds than in any otlier known animal .- some have little, othera a gi'cat 
deal. It is also thrown more on particular parte in the bird, because 
they have two modes of progressive motion ; therefore tin the one [by 
the wings] or the other [by the legs] predominates, so is the red blood 
thrown. 

On the Circulation. 

In many animals, especially the more perfei-l. the nourishment, or 
whatever is taken into the system, is taken up and carried from the 
stomach and other paiie, by the absorbents, to an engine called the 
heart ; from which it is thrown out into tubes which conduct it to 
ever}- part of the body, and thence it is again returned to the heart by 
other vessels. 

An animal body has in gcnemi bed! considered unddr the idoa of an 
hydraulic machine, because it appears to be almost wholly composed of 
tubes in which fluids move. I shall not at present enter into oU the 
different opinions concerning the uses of these tuliee, especially of thut 
syatcm called arteries, how they are variously atTocteJ, and how they 
produce their various actions according to the different stimuli either of 
health or disease ; but shall only give some general ideas of the most 
immediate uses of the three diiTercnt systems of vessels. 

The vessels in geneml would appeal" to have mure powers of per- 
fecting themselves, when injured, than any other part of tJie body; tor 
their use is almost immediate and eonstant, and it is they which per- 



il at the arterica pennitting the miiturp of rmoui sad nFterial blood, m in (hr 
oiMH. IJMfd*. «nd loariT npliUf.'] 
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form die (iperatJon of restoration on the other parts, therefore they 
themselres must first be perfect. Ttiey woald aeem to have more of 
the Polypiia in them thna any other part of the body. This is, perhaps, 
more in the absorbents thun in the arteries or veins, for we van conceive 
n part injured by oetident, and, as it were, standing still for a little 
while; hut we seo ulceration going on veiy rapidly, which proves an 
immediate formation of ve«iela for absorption. 

The Bret two, viz. the arteries and the veins, belong immediately to 
the motion of the blood, or the Cireulation. The arteries carry the 
Quid from the general reservoir, the heart, to all the difTerent parts of 
the body, and the veins bring it back again. 

Of the Arteries. 

The arteries, which carry the Biiid to all the parts of the body, eon- 
Btantly dispose of part of that fluid in the different operations of the 
body, according to their different affections ; adding to the whole while 
growth is neeossary, making up losses where the old is either improper 
or deetroyed, and throwing out of the direct line of their motion parts of 
that fluid, whicli, aceording to the various affections and aciiona of these 
arteries, become considerably altered in this passage, called secretions. 

The juices bo secreted are intended for various purposes in the ma- 
chine : some fur stimulanU, as the bile ; some for mechanical piirposes, 
as the tears, synovia, saliva, &e. ; some for a store of nourishment, as 
the fat ; while others are thrown out of the body as useloss, because 
they have already performed all their purposos, as the urine, ite. 

0/tke Fe»w. 

The other set of tubes — the veins — were considered as less active, 
being principally employed in bringing the red part of the blood back, 
after it hud lost its most aalutiirj- parts, or performed those offices, 
whatever lliey are, for which it was sent out. 

This act of wurying back the red blood was not considered as the 
only office of the veins ; many of their beginnings were not only 
supposed to arise from the terminations of arteries, but were also sup- 
posed to arise from most, if not all, the surfaces of the body, both in- 
tflmal and external, making so many inlets into the general system, 
bringing in matter into the common mass of fluids for the support of the 
whole ; and also to bring back many of the parts which were by the 
art«irie« secreted irom the blood for the different puqxwes of life, such 
OS the ^novia and lubricating fluids of all kinds ; which fluids having 
annweri'd their ditfei'ent purposes, and having become unfit for any 
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further ubp in llie macliiue, witl- oWigod to liu brought liuik uguin iiil^i 
tlie drciilalion, to tie tliruvfii out of tlie constitution by tlii; urttiriefi. 

So fiir the use of the veins waH Miisidercd ; but part of their siipposod 
power of absorbing ihcj- were deprived of. from the discovery of that 
juii-t of the dbsorlting sj>tein ciUleil luuteuls, which were found to nbrnirb 
the cUvIb. Tlioudh by this diacoverj the vcina of the mesentery were 
deprived of tlie supposed use of absorbing the ehyle or noutishaiont, yet 
even then thoy wore supposed to absorb niutior fnini the i-avity of the 
intestines fitr the secretion of the liilc. 

Of the Abaurbeiifg. 

The other part of this iiyslein, called lymphatics, though long known. 
was not in the Itiost suspcctecl iif ijcrforming the operation of alworption, 
but they wcro still supposed to be continiuiHons of the extreme ends of 
arteries, which were not Inrge enough to carry red blood, only carrying 
the serum or lymph ; but from their similarity to the lauteals, which 
now wcro known to he absorbents, it hccame at hist plain and evident 
to common sense that they must also absorb. 

Before this idea was started, tho general opinion of the vascular 
S}'8t«m mn thus: — The arteries carried the blood for the growth, noiirish- 
fnent, secretions, &c., in the machine : — the veins returned the red 
blood, as also absorbed from every surface of the body ; — tin; lyraphutics 
returned the lymph of the blood, which came nlon^; the arteries ; and 
the lacteals were sharers in the intestines by absorbing part of tho 
chyle. But from some experiments t made to ascertain whether the 
veins of tho mesentery absorbed or not. it whk proved that they hud 
not the power of ali(«)ri)tion '. 



0/ the Heart. 

The heart is an organ or machine that is not common to all nnimnlN, 
many being entirely without such organ : how far it aceompanieH the 
bnun I have not jet discoveretl, but I suspect that a distinct brain nnd 
a distinct heart go together. Wliere there ore both bmin and hoart, 
they keep an exact analogy ; so much so as to toiu;h fmm the one what 
the other is like, which would make us suspect that they arc always to 
be found [tt^etber] in the same animal. 

The Mtuation of the heart is generally noar the upper, or what may 
be called tho antorior part of the body of the animal ; but this is not 
universally so. only in lliose animuls whore nature would keep pretty 
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general niles. sm^li as in llif geDeiiU BtratCure of the n 

aniniftla down t<i fish ; but lieyond them it U not dear where the 

may be placed in an unknown uoinial, and it im even differently 

ed in the same genns ; for example, the ntuation of the Iieort in 

Bhell-Bnail [I/elijr^ ' is not tho same witli that of the black eua 

external form [of the heart] varies in different animals, and 
ice moat commonly corresiKinds with the shape of the part in 
In the human, for eKumple, it is Qattened on the anterior 
ngto theftat breB*it'([it isjmoreeoin thoseal, otter,io.; 
tiiia does not always take place in flat ohests. In general it 
) ' more or less flatl^'neil on one or two radog. bnt principally on 
flatness generally constitute« the great difference in shape in 
closst ; the shape of each class differing from eai'h other according to 
different purposes of each, or number of partsof whit^hitis composed. 
I h«art is essentially simple in its construction ; the use of each port 
perfectly understood and of course [that of] the whole. It is a 
muscle or muscles making the parietes of cavities which have no fiied 
point of action, excepting an imaginary one, vim. the centre of the cavity, 
to which the whole body of the mnscle moTcs in its action, by wl 
the cavities are lessened. 
The heart is, in general, divisible into a number of cavities, 
iteet number consisting of four, the fewest consisting ol 
first [or most complex] division constitutes [causes] a distinct and 
ihle motion of the blood ; the second, a mixed motion ; the third, a 
;le circulation, but attended with a very singular circumstance in its 
gills ; and the fourth, not a circulation, but an undulation. 
0/ the First Division of Hearts. — Here the body called heart is formed 
of two distinct hearts, each liaving its auricle and ventricle, with distinct 
opening into the auricle, and each ventricle its artery passing out. 
Although the above division is true, from whence it might be con- 
id that there was no communication between the two circulations, 
^Bt nature has connected them by means of the viscus, vi2. the veins 
corresponding with the arteries of the right side, shift sides and go to 
the left, and vie* vemd of the left side. The valves are similar in all. 
This division compreheada the most perfect animals, which 1 
ible circulation, one through the lungs, the other through the 
ty, and for that purpose are furnished with a double heart, 
two amides and two ventricles make up the four cavities by 
these animals ore distinguished, whence they may be called Telrt 
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Of the Stmnd Dii-isiDn of ffeurlg.— This ia a misturo bttwoen the 
Urst and third, by which means it is more imperfect and much leas 
distinct than either. This heart consints of two distinct <«vitic6, and of 
two others which are not so perfiictly distinct, and which net only oa 
one caritj-. The two distinct cavities are the auricles; the ventricles 
coramniiicate so freely with one another, that they are to bo considered 
as only one cavity ; therefore these [animals with the above structure 
of heart] may be called Tricoilia. There the blood from the lungs, 
and that which has gone through the other parts of the body, mix 
iDgotlier, tnsteeid of being separated, as in the more pcrfpcE animals ; so 
that some of the last sort b thrown hack through the body again with- 
out passing previously through the lungs, and some of the first sort is 
pushed a second and perhaps a third time through the lungs, without 
being first employed in the general circulation. 

The veins of each auricle enter distinctly, as in tlic first division of 
hearts ; but the arteries arising from this mixture of ventricles arc 
more complicated. Tliey are not exactly the same as to anatomical 
structure in all of this class, although much the same as to use, pro- 
ducing noarly the same effect in all of them. To give an idea of this, 
we shall describe them in the turtle {C/ielanr Mydn/i), which will 
sufficiently esplain their ose in aU the others '. 

From the compound ventricle of the heart in the TricoUia aiise ihree 
itrteries, two of which are anterior, the third posterior. Of tlie antwior. 
that tu the left hand, which is ulao the lurgpfit, is tlic pulnionuiy art^iy, 
going to the lungs nearly, as in Man ; that to the right hand is the left 
Borin : and the single posterior artery is the right aorta, which alone 
gives off the carotids and subclavians. These tivo aortns make n curva- 
ture downwards, descend together along the bock, and when got to 
about the middle of the cavity of the animal, unite into one trunk. This 
union ia similar in some degree to the union of the two arterit* coming 
from the gills in fish. 

This description is taken from the turtle, and although it may not 
cxactiy agree with all of the above claHs, as the frog, Ac, yet it will in 
the essentials. Here the lungs and the whole body are evidently 
supphed from portions of the same mass of blood. But no uftc appenra 
for the two aortas in this divLsion, and they aeem so \-vry superfluous, 
that one might bo tempted to Fuxpcct thcj were only pmvided tii liiy 
the foundation of an analogy with the animals of the immediately in- 
ferior class, the Pneumubrunchiiitu',andof the class below them, the Fish*. 
For in fish that have only one auricle and une ventricle, the single 

• [Hunt. Prep.. N«. 1>18. HISI. «*!.] ' |I1), No», iMa-UIT.] 
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nrtery wlikli ihe heart aonds oft' w immediaU'ly distributed to the two 
Bobt of gills; from thcise the blood passes out in two trunks, one on 
CBch tAde, trhich after running a little way join into ono vesacl, os the 
two itoi'tAs do in the turtle ; which now runs on as on artery to supply 
tho rest of the body with blood, without baying first entered a heait, or 
what is called the left auricle and ventriele. 

Thus the difference bL'tween the two classea is considerable ; but 
nature, ulways proceeding J>y the itieest gradations, has formed two 
animaln which partuke eu much of tlie slrueture of the two clasees, thnt 
they gi'nlly lend us on from the one to the other. The first of these, as 
being neurwt to tlie amphibious tribe, are the snimids now before us'. 
which, indeed, form the next link in tho chiun that we are ac(]uainted 
with, OH will be easily seen by compariug them together. The present hare 
but oneauriele'andone ventriele, sending off one artery, which is com- 
mon to the gills and lungn, and which might bo called * pneumobranchial.' 

Here is a fulling off from tho Amphibia of an aiiri<:1e, and in some 
measure of n ventricle, notwithstanding which, the effect of the huort 
upon the blood ia nearly the same. 

ITie artery pasw'S out of the heart, sending off the pulmonary arteries, 
which are rumified npon the lungs as uaoat, and then divides into two 
branches, which arc analogous to the two arteries ui the turtle ; but aa 
those animolB (Anijihiu-nut and Menopotna) arc ft dcgi'ee nearer fish, 
these art«ries are each again subdivided into two, whieh afterwards 
wind round those singular parts — in some measure similar to the gills 
of fish— with which they arc furnished. Having made this circuit, the 
subdivided vessels again unite so far as to form only two trunks, and 
these two presently join into one in the siirae manner as we have re- 
marked in turtle and fish. 

The other animal — the siren — completes the grndntion by being one 
remove nearer to fish ; in this the suiidivision is not into two branches 
only, as in that above described, hut the whole aoi-ta divides ond sub- 
divides into infinite ramifications, similar t« the artery in the gUIs of 
fish, while the lungs are supplied in the same manner as those of the 
pro-eding animal and of the Amphibia, 

Tlnis the gradation is formed &om perfect lungs, first to perfect lungs 
ititd imperfect gills, then to perfect lungs and perfect gills, till at last 
wc have no lungs, but simply perfect gills, as in the fish. 

The animals of this class have but a single ciri'Ulotion, and of course 

' [Amphiuma itiiliirti/li'm. Cuv., nnd Mrnnponia AOrgKaniriiif. Harlan.] 

' [I foiinJ thi> suricle divided bj ■complete septum in the Sirm laL■^^ti■na.—^nns. 

ZoologienJ Soriety. vol. i, p. 213; -Aniuul Economy,' p.3f>. noic, Trcp, Sliw.C'oU. 
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are furnished only with two caviticH to the heart, viz. on auricle and 
Tcntricle. similar to and answering the same purposes with the right 
half of the heart in the most perfect oiiiiQalB'. To this order belong 
all the fish with gills ; therefore these may be called Diroilia. The 
last order comprehends tho animiil't whose heartia have only one cavity, 
as is the case in the inseiit', therefore they may bo called Monocoilui. 

Of the Uses of Artp-ies. 
Tho arteries may bo said to have three uses. Tlie fu«t and moet 
dmplo is, the eonducting. ux canals, the blood to all the different parts 
of tho body. For this purpose they are acted upon by the heart, which 
is the cAUSD of the motion of tho blood (the veins would seOTo to be, in 
thomHolvcs, passive). But as this motion ia by jerks ond not by a 
uniform regular motion, the arteries are made elastic, which [makes 
them] sen-e. in some me^ure, as a reservoir ; while their contractile 
force continues the stream, although not with the same velocity. This 
is something like [or upon the same principle as] tho air -fountains, or 
jola, which might be made to imitate the oJoatie force of the arteries, 
such as this figure ; but as there is a continued clastic canal, which may 
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be looked upon as a succession of elastic bodies, every one haiing some 
effect, it may be reasonably supposed that in the smallest arteries there 
is very little pulsation, which we find to be the case ; so that tho jerk- 
ing foree of the heart is gradually spent, or fades into the continued 
[force]. All this is simply mechanical. 

The second use of the arteries is tho first purpose answered by this 
motion of the blood, or the disposing of it. This depends on the living 
and sonutive principles with which the arteries ore endowed, joined 
with a power of voluntary motion in arterim independently of the 
general will of tbp animal, and according to the impression made, joined 
with Oic disposition or feelings of the arteriee at the time. Then tniith 
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and fluth acliona arc brought about, ond such and sueh pfftiets produced, 
whitli can only tw in ttie small arteries. When the blood ia good and 
genuiiic, the aensBtiutiH uf tlie artmeit. or ttie diapoaitioiis for aentiation, 
are agrwaUe ; iheu the office* of the artoriea are canied on suitably to 
the intentions of nutimt. It is then that they dispose of the blood to 
the best advantage, inLTeaaing the growth of the whole, supplying any 
losses, keeping up a due succeaaion [of organic pjirtieles], 4e. 

The third uso of the arteries, is that of secretion in all its vaiioua 
forms. This must in some measure arise from stimuli which are of thin 
or that kind ; and from the arteries of particular parts being eusceplible 
of aurhondsuch stimuli. Without 1>oth uniting oi concurring, secretion 
could not lake place. 

These uctiont depend upou a principle similar to that which is the 
cause of the second use of arteries. 

The most perfect proofs of the actions of the arteries in propelling the 
blood forwards, is in an anourismal sac. If the artery ahove the aac bo 
compressed so a.^ to prevent the blood Solving, the aac which was just 
betbre pulsating and turgid shall immediately become flaccid and wholly 
empty. Nothing could produce this hut the action of the arteries 
beyond the sac, and principally the smaller arteries'. 

Of the Conliiiuation of Life in an Artertj after the Animal is said la 
be killed. 

I injected the uterus of a cow that had been separated from the 
body of the cow above twenty-four hours ; and I found next duy that 
it had contracted very much, and that the vessels had also contracted ; 
for the great trunks were more tiii^d than when injected, so thai the 
injection had been squeezed back again'. This also shows tliat the 
small vessels have a greater or a longer power of contraction than the 
larger have. 

Origins of Arteries. , 

The force of tbe blood's motion in an artery ia stronger the nearer 
to the heart, therefore it is reasonable to think that the situation of 
the heart in the body ia such as [that it should he nearest the parts 
which] require the briskest drtulation. Eut the diiference in the 
circulation, if there was nothing to retard it, would be too great for 
the dilfert-nce in the parts, as there are «milar parts near and at n 



■ [III tJic prodimlion uf tliis phenameuon HuDt^rMsigns noahueto Uie ODijAfing 
of the Trim \>y Iho diastole of the bmrt and cipaniion of the dint,] 

' I Ma; »ot lliis he Hm offect of olaitici^ in conBequmw of Ihr part* Imviu); b«ni 
pill into hot water wliil* being injected ? J have seen llial happen,— Wh. Ci.nt, | 
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grcnt diatiuKv. Tu kettp up a drcolatioa aofficient fur ibe jian, &nii 
no inun.', natnri! liati varied the an^e of the origin of arU-'ricH atxoii- 
inglf. TbuM we find that near the heart the arteries arise by obttiw 
angles ; Hmie of them refUded ; which become mure and more m, till 
thry sriae hy very shnrp nngtm. The more remarkabk' instuices of 
tbi« aru in the intvreoatol arteries ; l>ectiu§c there ie not another aet of 
arteriKH in tbu liody whose originis are so mnch the uune, who»<e offices 
are h mneh tlic name, n'hose distancca from their origin to the place 
uf IMO [ diHtributionJ, tuid whose uses are eo miteh the some. Therv- 
foro, if there bo any difference in the angloi at the origin of the 
artericH al equal distaneex from the heart, it must be with regard to 
the dUtanwi of their insertion [ttrmination?] from the heart. And 
there lit »ueh a difference. Even the arteries tliat arise from the In- 
lereuBtaU ore much more obtuse ut the beginning of the inlcreostak 
thuti nt the lerraJQittiun. 

The reOBon thut it ii< not mo eviiient in nil the orteriee, is that there are 
not two nrtxirien on one nido of the body thnl lake the same course, go 
the unrne diitrmee, and ure to do the same thing ; for some parts re- 
quire II utronger eirculation than others, which will make a. difference in 
the origin of two artorica, supposing they go the same length and the 
Mitne uourxc. 

Wo we the same tiling in the wcondary ftrterios, such as the sub- 
cliiviiin. It wnds it* brunches off near itn origin by much more obtuse 
angloH than it doen further nn ; for in this iirterj- all Ibo branches are 
to do netirly the siune thiiign, and are to go ocarl,v the same length. 
whieh wn« what wo observed in the intercostal oad Inmbar arteries. 

The va»a vntiorum soem to eonie from a neighbouring artery, not 
from tho nrtcry thnt it eiipjiUed. Tliia we see in diewiecting them. But 
to nee if somo of these should arise fi'um the artery itaetf, I injceled a 
eitrotid ailery out of the body, but none of the viuia vasorum were 
ii^eeted. 

Tho nenrer you cimu to an artery in the living body, t)ie leas the 
pulsation is eitlier felt or bi^'D ; and when dissected UiTe, tho motion of 
tho blood is not to be apen or felt with the fingej- in tho least' [viz. in 
Dr. Hunter's servant'a water's estoraal eai-otid]. 



< [ThU Ihn artorin am dilaUd during the pube, Floureni raw bf mcloamg the 
abiloniinaf aortn. in a ralibit and tii a dug. bi a ring mode of vny tint watoh^priag. 
tli» mil* Iwing mrrrl* in Miilaiil. ; at tMery riTokc of ihe limrl Ibne eriila wvrr dj. 
mrinlnl, hul In a very (light ttrpnio. tVoithnvla (De CimuL Hatig. Cegtt. PlijaiiJ.) 
1FU llir tint who law llial Umi priic-ipal nine of tin- piibo mu llic diipticnsml <if 
iWarl^rj by llir JitLIhk fH>wpi'of ilip IhiiH ; 
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We find, on the contrary, that the more they are ooverod, especialljr 
witli solid bodies, t\u> more the puIaatioD is felt ; viz. in tumoure coTeiing 
the corotiJ, &c. 

Thore is certainly a pulsation in veins' ; for, when we bleed a pcr- 
8011 in the hand or foot, we evidently seu a Htrong jet ; mueh more in 
eome than in others, and mueh moi-e than in tlie bend of the arm. The 
query is, docs this aii^e from the immediate stroke of the heart, or is it 
by the lateral pressure occasioned by the swell of the arteiiee? To 
tisoertain this the bettor, it is neeesaary to observe several things. [One 
of these is, that] the veins on the back of the hand arc superficial and 
not surrounded with vascular parts: hut still it may arise from the 
impulse given to the blood in the smaller arteries occaduning their 
lat«ral swell, and tJiut this acceleration given to the blood's motion in 
the smaller veins is eomraimicated to those on the back of the hand- 
But I think I have seen the difference in the projection so great, as hardly 
to arise from that cause alone ; and if this were the whole cause we should 
have it in some degree in every vein : for every vein is in some degree 
surrounded, and of course in some degree affected by tiie swell of the 
arteries of the part ; but we certainly do not observe it in so great a 
degree in the bend of the arm. 

The veins in the spleen of a dog do not anastomose. I tied up one 
of the veins going to one end of the spleen ; that end immediately be- 
came turgid iind of a dark red, while the other eud remained flaccid and 
of the former eolour. 

The spleen is the reddest part of any in the animals of those classes 
which have red blood ; so that there ta more red Mood in the spleen 
than in any other part. 

0/Fo„d. 

Food may be divided into two sorts ; viz. that which ia wholly dis- 
solvable in the stomach, and that which only yields its juice. 

The first is the most profitable, and includes all animal food, ex- 
cepting cuticle, hair, nails, hotns, &c. ; [it also includes] roots withoat 
the skin, all fruits without the skin, and all seeds without their akin 

The second includes all the other parts of vegetables that have not 
been mentioned above, such as the wood and leaves. Many yield so httle 

' [Flourenn obsCTVi-d in iJictwioub trunks of frogn altornnliiig moTemenL»oroon- 
traution snd dilatalioii : Miiller is itidiued to sUribiite thu to tlie iiiHiii of Uir Ijnpli 
pi«peltcd b^ the Ijmphatio heorlc ; but floureus thinks the veini !io observed to 
beat wpra too remote IroiD Ibc lymplialic bearLa lo br lo iafluenM'd, Jonn lu» ub- 
wiTod B [iiitiHiliuu in Hk vpirit of Ibc bnl'i eiir.] 
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Its to have lost iipjiurcutly Rothmg [by digoetion], only Imving yielded 
[some small proportion in] a solution. Thia food yiclijB nourishment 
chiiifly by espr^Msion ; iind least ao in thoxc animuls tliut have a 
stomach of but one cavity. In order that more of this jiiice might he 
expivssed in some animals, nature has fiimislit'd four stomachs [or 
cavities]. But oven this docs not dissolve it entirely ; for we find the 
diingof such animals agood deal of the colour of the food; foresamplo, 
B cow's dung shuU be green when she livea on grass. 

The instinctive principle of food in animals is s eurious fact : a stork 
which swallows birds, mice, ruts, &ogs, Jie., will not swallow a toad. 
Ho takcA it up in his biU, and after nibbling it, as if to kill it, he lots it 
£lU ; and this ho will do several times, and ut last leaves it. The sea- 
gull, which will eat the same food as the stork, will not touch a toad. 
Animals do not se.'m to distinguish food accurately by the eye ; they seem 
to be only directed to it, and give a kind of general guess ; but they aro 
obliged to have recourse, for further particulars, to the other senses. 
Quadrupeds commonly, if not always, have recourse to the nose ; there- 
fore thoy seldom take into their mouth what is not fit for them to eat: 
but the bird seems to have but little smell ; and therefore the noetrila 
arc at some disbincc from the end of the bill'; and when tJie^are 
directed to food, [the fitness of whinh] they are not certain of, they 
take it into tlie mouth, and, if it he unfit for food, thoy throw it out 
again'. 

We do not ilistingush things at once by the senses: the simple 
sensation does not in all oases inform the mind with the truo idea of 
the thing represented: the mind is often obli)^ to inquire how it u 
that a hollow of any particular shape, and H round of the same shape 
(a concave and a convex surface), give the same shades and will appear 
concave or eonves according as the mind is most susceptible of the 
ides, or has been accustomed most to conceive it to lie, Bat a little 
reasoning upon the collateral circumstances attonding the scnsatiou will 
determine the simple impression in the mind to be whut it really is. It 
is often extremely puzzling in paintings or drawings to make out what 
the [taintor nieuns ; for, if the corresponding relative partM are not 
attended to, the reasoning faculty has not its matorials or duta to diroet 
it, so OS to be able to draw its inference, or make its conclusions. This 
must bo always the ease with things, the knowledge of which is ao- 



' [Ki«T>l in Aptrrgx, wlixrr. from Ihe tCTmiiial po>i(ion uf the nostrili, tlic imnlt 
would BHtiB lo bo a much used uul iiaportonL KniM.} 

' [lliii I b»ro ob wf Ttd in tlis oitrioh, ^rhpr* • ptw* of loBlhor wu ropMUdly 
pieknl <ip. Imt'xl hv fr<V|u^ht i.lpi with lli« iiiaiifliblra. niul tliitii irjivtcd.] 
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quU*il ; of which thinga our knowledge always bouomes more perfect 
by habit. 

The food of ahnost all young animals is principally of an animal 
nature, In the sucking kind, whether of oamivomufi or graniroroua 
parents, the young have the milk, which is a compound of animal sub- 
stanco and sugar. In birda, animal Bubstances are principally the food 
for the young gronivorous, whidi lire, at firHt, principally on insecta, 
wofOJs. &c. 

Are there any granivorous animals that feed only at night, as there 
are many carnivorous ? I should suspect not : becsuBe tliere are no 
herbs found at night but are to be found in the day ; but this is not the 
case with the animals [which serve for foodj. However, it is possible 
that there may bo some animals which live only on the ilowere that are 
open at night. 

0/ the Teeth. 

As the stomach is the digesting organ of tho food of animals, — is in 
common a containing port in tlie form of a bag or bags, — and as it is 
generally placed on the inside of the animal, there mucl be on external 
cummuniuation to that cavity : and as the food is either piisaive, m 
vegetables, ur active in contradiction to that process, sn most animal 
food, there must he a mode of oultecting, catching, adapting, and con- 
veying that food to, and through that communication to the stomach. 

Various are the means of doing all tliose operations ; and this variety 
of modes arises, &om the nature of the food which the animal lives 
upon, [from] different modes of digestion (as the difference between a 
ruminant and a horse), also [from] a great variety of eircumstances 
attending that food, the nature of which when caught may be often 
similar. Tlio Urst of which [circumstances] 1 shaU reckon fluidity, as 
honey, the juices of plants, such as what many insects live upon. &c. 
Beoondly. [the food] being alive, therefore [involving] a mode of catching 
and killing, which requires a greater extension of parts [concerned in 
those actions], and then to sepamte pai'ts from the whole. Thirdly, 
collecting parts of growing vegetables. All of which [circumstancea 
require] paits formed and adapted for such purposes. Most of these 
operations are performed by tlio mouth, or beginning of this communi- 
cation in some animals; and in many others by the mouth with its 
other a]iparatus, as teeth ; but it has often still more exterior assistance, 
as hands, claws, feet, ic. 

These operations may be di^'ided into three, although all the three 
en not necessary in every animal. The catching and eollDt^ting is the 
first : the fitting nomo food for digestion, tuid adapting most for degluti- 
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tion, is the second ; and the coiivfiyftac* of thut so collected and adapted 
into the stomach, is the third. 

The mouth, which is the principal ueter in those operations, b, in 
many, formed alone for these opemtions ; and these formations are 
ui'cording to the nature of the food, and circnniBtances attending that 
food, viz. its natural situation ; as honey, which requires un apparatus 
to gel to it, whieh ia a mode of many of the winged insects : [in other 
instances requiring a particular form of] the lips, as in some fish, e. (/./the 
fltui^eon ; [or of] the tongue, as in the ant-bear, &c. 

The ports of an animal immodiately preparatory te deglutition and 
digestion are divided, in those that live on solids, into two kinds, vit. 
billB or beaks, and t«eth ; to which, probably, may be added a third, 
viz. those [parts] of insects which are exterior to the mouth. A mixed 
kind may, also, probably be added, m. those that may bo classed either 
with the teeth or with tim bill, such ua the dividers of some reptiles, as 
the snail, looch, &c. The bills arc exterior, and are placed on, or 
surrounding, the mouth of tlic animal : they are of the same shape with 
the mouth, making a cose for it ; and as the mouth is made up of two 
parts opposing one another, commonly called npj>er and lower jaw, the 
bill is also composed of two parts, or a pair- 
That class of pirts of an animal preparatory to deglutition and 
digestion, (tailed teeth, is no extensive, and of such various forms and 
uses, that it in uni-'ortiun in Home cases what parts ought to bo classed 
among the teeth and what not ; and in those where they are evidently 
for this purpose, it becomes difficult to class them either according to 
their various uses or their fornw. 

In some animals there are teeth for deglutition and others for diges- 
tion ; for example, tliore are the nippers [manilibwl<f tt moj-iWir] of n 
crab or lobster, while those for digestion arc in the stomach : and 
where teeth are not nc<«ssary for [preparing the food for] iligestion, 
tboy are wholly for deglutition, as the grindere [camassial or flesh- 
cutting teeth] in a lion, cat, &o. 

The l«eth are always placed between what may be colled the brim or 
margin of the month, and the firvt intestine; viz. [in the] tnoutli, 
cEsophugus or stomach. Those subservient to deglutjtioo are always 
placed in the mouth, viz. between the margin of the mouth Hud the 
(BSophaguM, having at the mouth a border of soft part* surrounding 
tbem, called lips, which is much more in soko animala than in others, 
and which is tlie beginning of the month. 

The mouth is the most frequent situation of the teeth, nt Iraut in 
those animals we are must ac(|uaint4Ml with. vh. i^mulni[H,Hls, ompliilnH 
and fish. In some repliles they an^ placed in tJio (twujihagua, lui in iJie 
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and '; and in sonic imimals thej we plactd in the Htomuch, 

a« in the watcr-inaoct or orab. itc. 

ThoBp in tho mouth may bo divided inlo two wtuations :^-Fir8t, all 
those forming two i-owh in each jaw (i. e. one row in the right, and 
another in the loft jaw), and opposed by amilor rows in the opposite 
jaws; secondly, where the teeth are placed on other parts, as tho 
tongue. The first situation odraits of divisions, as where those rows 
are single, as in the quadruped and amphibia : [or where] they ore 
dmible, triple, &c. rows, as in ninny fish, where the four rows mentioned 
arc composed of a vast number of rows of teeth. 

They may be classed according to their uses, which I shall at present 
reckon four, viz. holilere or retainers, which may be called killera, 
dividers, crackers, and grinders ; the two last of which may be thought 
tho same. 

The diriikre are always more external than the grinders. Some 
dividers are always external, others are some way within, some more, 
OS in the — (nereis ?) ; some leas, as in Uie snail. Some of the grinders 
are oa far forward as the dividers will allow them, as in those which 
have mouths lilled with both kinds, as in most of the more perfect 
animals; but in many those grinders are placed in the stomach, but 
then those hnve their diiddcrs wholly external [as in the lolwter]. 
Teeth arc commonly fixed in or upon some hone, which [bones] ore 
commonly the jaws of the animal : but this is not always the case : in 
the lamprey there is no jaw-bone. 

Some teeth grow to a given size, and then become stattonary, as in 
most animals, viz. the human, &c., some of which teeth last through life : 
others, of the snmo animal, arc thrown off at given ages, called shedding 
of the teetli, and are again supplied by others, which last through life. 
In some other animals there is a regular sncc«saion of teeth, by the 
falling off or destruction of the teeth, and new ones c«ntinuaUy growing 
and gradually coming into use ; the new t«eth being always a pro- 
portional size longer than the old; the jaws of which [animals] follow the 
same course, so that there is a regular succession of jaw and teeth 
growing: this is tho case in many fish, as in all the ray -kind. In 
others there is a succession of young teeth growing at tho basis of tho 
old, or rather ivithin the old, so that tho old (tooth) drops out like a 
conicAl case, and the young one is uncovered [Crocodile]. Probably 
the young tooth grows on tho same pulp, so that those teeth novor 



' [Qiurrr, Mjdac Nrrcii ? The term Beplilea ia oommonly applied b; Hr. 
Ilitntn' U> tliD J'mtui of LiiiniEua ; whilst the Beptilia of the modora loologuta he 
iwiuillv dpn(miiniil*» Ampliibifl or Tiirailia.] 
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draw towards a point at the buae, but olwsjrs keep open or coniutti, yet 



Some teeth are wholly composed of bony substanoe, whioh is a mixture 
of two different substances, viz. a mixture of animal Bubstani'e and 
ualcarooua earth; bucIi are those of the ray-kind, nlligator; as alao 
sonio peculiiir teeth of eome animab whoso teoth in genera! are not bu 
simple, such as the elephant's tusk, boor's t«sk, &e. The teeth of many 
animala are composed of the two above-mentioned substanues, but in one 
degree ia a different manner, viz. one part being composed of bony 
substance, the other of calcareous earth alone [called ' enamel ']. The 
tcctb composed of bone and enamel beloi^ to man, the cat, the hare, 
the horae, ruminating nniniftls. &c. 

The bony part of both genera are formed upon and bj a pulpy sub- 
stanco ; therefore the whole of the first genus [with teoth wholly 
compohed of bony Hubstauce] ia formed by this pulp, but only the bony 
part of the second ; the enamel is formed by an opposite pulp, which 
luakefl it comphcated. How far homy substajice may be so shaped as 
to deserve the name of teeth, I do not yet know '. 

Teeth continually growing I have divided into two species : first, the 
' dentes scalprarii ; ' and second, the ' tusks,' The first belongs to the 
hares, &c., the second to the boar-tribe ; as also to the narwhal, and 
probably many more. 



Reaiomfor a vacant tpace between the Cutters atid Grindert. 

Most animals have a vast length of mouth from the sj-mphysia of the ehin 
to the posterior grinder or the root of the coroaoid procesB. The incisors 
or cutters must be placed at the fore port, where the opening into the 
mouth is, because there the food must enter and be divided irom what 
is to remain out of the mouth. The mouth being properly filled with 
food, it is then thrown back, or up, to near the centre of motion of the 
jaw where the grinders are placed. Now, in all long-jawed animals 
there is a space in which teeth of any kind of shape can be of no use ; 
they could not, from the position, separulc the internal food from l;he 
external, and the space is too far forward for grinders to be of any uec. 
This vacant place is shorter in proportion as the jaws arc shorter, [and 
more so] in some animals than in others; ntid in some there is very 

' [The lubslatKv retembling bone in Ute pniporlione of uinb vmA Kr1iitiii*\ >■ 
divided into 'denCiiie' and 'ccnieiit,' Mhit-h luttiir QuiiIpt had repognimt w 'm 
■eeond kind of bono,' T)iere is b minute propnriiuTi iiP f^t^lnUiiv in rniatnuU and Ibii 
subilanee ootm Um irrovn of the teeth of Uie mlligittoF. Sinnn IlunUir nrotc the 
nbove, iJip l)Tntlki<rkyackuK hM »ffordcd Uia rpplj to liis nrmark on horn; liwlli.! 
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seldom any vaeuity at all. The gradatioii from the least to the greatest 
is evident. The human Bubject ib the Ipast of onj ' ; then the monkey, 
mocock. sogotiin, bear, lion, dog, and horse. The qnestion is, why have 
some animals longer jaws than othere ? This great length of jaw may 
bo on purpose to increase [add toj the length of neck in eating such 
food as is near the groimd, as graas, &c. 

Animalx that are tnily carnivorous, such as lions, wolves, dogs, foxes, 
&c.. have their teeth pointed with one or more points, and smaller 
points surronnding the base of these points. They have the enamel 
sorrounding the crown, and the bony part entirely in the middle of the 
tooth ; the lang terminates in a point, and has no enamel. The fang is 
long, and the body of the tooth Is short, at least that part which is sunk 
in the gam and socket. 

Animals that are eaters of vcgetublcs, such as elephants, horses, 
cows, shee]>, goatH, deer of all kinds, also all of the ' Sealpris Dentata' 
kind [^liodentia, or rat and rabbit kind], have the grinders terminating 
in a SHiface equal to the thickness of the body of the tooth. Tho 
enamel in all of them runs through the whole tooth &om end U> end, 
in u kind of veins very irregularly, and the fang or fangs do not ter- 
minate in a point, and are very short from the body of the tooth, which 
mokes the body of the tooth longer than in those of others ; ctt least 
that part which is sunk in the gum and buny socket [before it divides 
into the fangs] makes the largest portion of the body of the tooth. 
Those animals of the mLted feeding kind, such as the human, monkey, 
sagouin, &c., have tjie teeth, with regard to the body, the fangs, and 
the enamel, similar to the carnivorous. The teeth, in the gradual 
change from the carnivorous [type] to the most herbivorous [one], begin 
[the change] first at the posterior grinder, and beeome more of the 
herbivorous forwards, tiU they are lost entirely in the fore teeth'. 

Of ike Formation of the Teeth of the Horse. 

The bony part first begins on a substance similar in consistence to 
that of the human, but of very considerable length, and four or five in 
nnmber, in the grinders. 

This [complex dentinal pulp] lengthens as the teeth lengthen, so 
that the tips of them [divisions of the pulp- substance J are always near 

1 [No existing tpedes hat the tooth-seriM so ctttnpscUy in cxmtaoC u mu) : a few 
eitinrt animiils {Dieiiidon. AiioplolheriKm) reeembled him in this respect. 

* [Tlie teeth, esperinllj of thn lower jnir, of the hog il]iutrat«B the meaning of this 
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tlie grinding Burfucca of the Inoth. The extemtil mcnibrnne of the 
tooUi [matrisj does not adhere to it at tirst, hat forma thu onaniel on 
the outside of the bony parts covering the jellies [divisions of dentinal 
palp]. As there are more jellies than one to euth grinder, there are 
inequalities on the external surface, or nnrrow notches, Into which 
these pass in folds of the external memhrune, like the pia muter, so iw 
to fill or lie close to all the nstemal bony surfaces. 

These bony processes, which we might term ahenths, unite at their 
edges to one another; so that there are cavities between them through 
their whole length, running parallel to the others which contain the 
jellies. 

These cavities or uanals are filled np with gelatinous substances, which 
poss into them tram the gcncTol covering at the base [of the matrix] 
and terminate at the bottom of the tooth in a ragged white end between 
it and the basis of the other jellies touching them ; for, at Smt, these 
interstitial cavities are pervious at both ends [tup and bottom], and 
continue so till the tooth is almost completely formed. 

These interstitial jellies form the enamel which runs the whole length 
of the tooth, along its centre in a vci^- irregular manner, answering to 
the form of the irregular eantios formed by the union of the bony parts. 
The doublings or folds of the internal part of the estcmol covering 
which we mentioned as pressed in laterally, have the Name white ter- 
mination at bottom which we took notice of in the above described. 
When the tooth is pretty far advanced, the bottom or apices of these 
interstitial cantiea close up, and then may be said t« fonn but one 
cavity, all the jellies uniting mto one: uft<?rwar(Is, two or three i'angs 
arise, as in the human grinders. 

The external membrane, n~ith its folds, forms the ext<^mal enamel ; 
and, when that is formed, it then forms a thin bony covering [cement] 
to the whole, which tills up the niches and makes the external surface 
more equal at this time ; at this time, too, it unites with thejie bony 
coverings, bn^fiiuiing first at the bases and procfeding to the root or 
fang, as the t«oth ndvunccs thiviigh the gum. The interstitial jelliev, 
also, form the interstitial enamel ; and. when that is completed, they 
line the whole with a bony matter [cs'mi'ntitra], or, in other words, fill 
up the whole interstices with a bonj' matter. When the intcntitial 
jellies begin to form Ihia bimy nmtler, they also adhere to it as the 
(^xtcma] membrane did first, beginning at the bases ; which adhesion 
gom to the bottom as Ihc external adhesion did. The interatilial jelly 
lie<'uuieB more and more memhranous as it fills up this cavity, By the 
time the tooth is just ready to cut tlie gum, these interstitial cavities 
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inc solid mass of t«'u lUficrent 



Rflatitm of Ttefh to Food. 

The tfeth of animals arc not always aasweralile to the food they 
cat. The horse and cow feed upon the same fuodj a snul also live» 
upon the same food, and the tooth of a sniiU ia very dilf'ertint from the 
teoth of either [cow or horse]. Nor do tho t*oth of animals wrreapond 
with their stomaehs. Animals that have nearly the sarae stomachs 
huvo vety different kinds of teeth. 

The formation of the mouth, so far as reapects the toeth, seems to be 
adapted to the catching or laying bold of the food. Thua, those animals 
that live upon animal food have the shortest mouths, and their teeth 
are regularly set ; hut thiwe that hve on voget^ibles have their heads 
Xtmg. maeh longer than is r<H]uiaite for the number of teeth. Therefore 
the jawa are prolonged to allow the catching toeth to be removed farther 
from the grinders. 

Most land animak have the upper jaw the longer, overshooting the 
under ; but this is not ao much tbe cose in fishes. In most of these 
the lower jaw is the longer. Tho anterior porta of tho mouth of a fish 
is not [rarelyj made for di\ii!ing'. 

Of Eating. 

Those auimalii that have no upper teeth I should imagine oat more 
of the roots of grass than others, because they do not cut the grass, 
but pull it, which brings it out by the roota in some measure. All ani- 
mals that chew their food, have lips, which are to confine the food : but 
those that swallow it without mastication hare none. 

Motion of Ijowrr Jaw. — In carnivorous animals there is not that 
grinding motion of the lower jaw, in eating, that is to be found in 
others : the artioulution will not allow it, nor will the canino teeth ; bnt 
still they have a little ; and tho motion of the two condyles of the jaw. 
in that coHi', is not forward, but from side to side, in a groove ; this is 
quite contrary in other sorts of animals ; for in thera one condyle is 
nlwDj-s the centre of motion, and the other condyle with the symphysis 
iif the jaw moves ; but in the former the symphyajs is fixed and the 
two condyles move. 

' [A rtudy ot the Uunterun preimraBotu, Ki». 333-349, 373-aT.'i, wUI much 
umit in Uie comprehenuoti of Uie above dcsmptioD, und cill give tlie grounds of 
the intorpolalDil Icrms which fevnicd needrul for thp undimluiding of the text} 

' [The benk* or th« piwTot-llBlie* (&'ana) and glolW'GihM [^Diiidon, Trftodtm) are 
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Of Drinking. 

Ajl carnirorouB animtils, as far a& I know, drink by lapping up the 
liquor with their tongue ; e. g. dogs, foxen. ferrets, &c. The reason, 
perhaps, muy be beennse they havo very short lips and very little use 
of them in taking their food of any kind ; for, as they are made to 
catch animalfl, they must raalie. at onco, use of tbeir teeth ; and lips, in 
that case, would be in Ibe way of tiie teeth. 

All herbiTorouB animals, as far as I know, such as cows, horses, sheep, 
&c., suck up the liiiuid in the same manner aa the human kind ; but the 
goat sometimes sutks and sometimes tnps. These animala make use of 
their lips to cat«h and condaut their food between their teeth, 

I belie\*o that the mouths of herbivorous aud granivorous animals 
have many more [mucous follicles], or ore much more glandular, than 
[those of] other animals. 

Of the (Esojthaffus. 

Those animals that chew their food, sufb as most granivorous. have 
a smaller cesophagus than such as only mash or aqut^exe it. snob as the 
CBmivorous, and still smaller those that swallow it whole, such as fishes 
and many birds. According to the tocth is. in some degree, the eixe of 
the oesophagus. 

Of the Stomach. 

The apparatue necessary for the operation of digestion is ns simple as 
anything we can well conceive. It only requires a bag or cavity fit to 
contain tbeaubstance to be digested, joined with the power of furnishing 
the fluid capable of digesting or animalizing the said substance. In 
such a light, it is only to be considered as a gland with a cavity. But 
it was necessary that there should be some part added to tumish this 
bag with materials to be digested : for which purpose there are, in some, 
arms : in others, both arms and teeth, &a. 

Besides tho simpliei^ of the apparatus for the operation of digesting, 
there is another apparatus added to fulfil tho intention, which is tlie 
system for absorbing the animalized parts for the nourishment of the 
same bag; and added to this power of socrotioii and absorption, is the 
power of throwing out of the bag the indigestible parts, acting as & 
kind of OKorotory duct*. 

From this account, nothing can be more simple ; however, it oont- 
pletes a whole animal, and nothing more oan be nenKssary for the sup- 
port of such an animal ; but when wo come to such stomachn as have 
parts superadded for other pnirpusce than the nlrave, then we find that 

* Nothing more u iiecMMirv U> corapltw m 
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this aanio apparatus f«r digcetioQ haa also parts superadded for the pur- 
posca of digiating; so that the parts proparatory and subseivient to 
digestion, ln!L'ome more complicated, and indeed so much so, that tUero 
18 hardl; any sj-st«m in an animal more luimplicatcd in ituclf ; and when 
wo Qonsidcr the variotics of these complicationa which lake phiu." in the 
vanoua animals, thoy appear to bo aJniOHt withont tind. 

It is these complications and varioties that wu mean to con»i<ler. and 
redawt.aa far aa they rtU admit, Ui their iteveml elussos. 

Tho parts subservient to digt'sUon in the iwraplipatcd animals bear a 
gn-at relation to tho other properties of the animal*. 

In clashing tho orgiina of digcstioa in tho eoniplitated nnimnis, many 
l)arts are to bo considered which appear from a slight view of the snh- 
joc't to be only secondary, and therefore might be thought neuesaary to 
be considered apart : but we Hhall find tliut many of tliceo parts have 
pocnliaritios, and these arc adapted to the peculiar food and peculiar 
mode of getting it, and not at uU belonging to simple digestion in 
partiL-ulor. 

These superadded porta, which have thwr mechanism adapted to the 
way of life with respect to digestion, are the powers of maatieation, — 
in some, reHor\*oirB, — the varieties of stomachs,— whether or not a 
ctecum, and of what kind, — and colon ; bo that in clafising tho organs 
of digestion, we must consider teeth, stomachs, ciccums, and colon. 

The stomach varies less than either twth, wccora, or colon. One can 
onrily see a reason why the teeth should vary according to tho mode of 
procuring tho food, and according to the food ; and one can easily con- 
ceive why tho stomach need not vary much, because it can only bo 
considered aa a bag; but why so much depemlence is to be had upon 
the ciecum and colon, is not so easily conceived. In classing stomachti, 
it might be thought proper to take in all these rehitive parts ; but that 
method would breed confusion. Therefore I shaJl class all the different 
stomachs with their varieties ; and in classing tho other parts they 
must be referred to their respective stomachs. This will appear most 
natural when we consider that there are many stomachs that have no 
relative parts, whieh I shall natiu'ally begin with, aa tho first class. 

Oiu- first class is ttie simple stomach with one opening, which I call 
Rrgiiri/itaCors'. 

* Animkl* in gcner>il niiglil bo lolornbt; well clnased b; ihose orgniis, inuet being 
reducible lo b Ibvr general cioMea. wliivli again admit of uiony >Ttbdivi»ione. 

' [At in Uie ffj/dra, or fresli-wmer poljpo, and tho Actinia ; t}io otber cliwan of 
MomKhi!. ua \\»!y rise iii Ibe scale of complexity, ma; be Rtudied in the Uunleriaii 
Pnipunttitm!', Ntn. *W lo '-Wi iniJnrive.— Phy»ioIogieal Catalogue vol. i. 4to, pp. 



146 PHTBIOLOr.T 

It is bard to dL'termine what is tlie true shape of the stomach wbilt* 
in the living body, as it lukes on differcut shapes iu proportion to the 
fulhiess of it and dift'erent preasiirca ; hut it will always have a ten- 
dency towards that which it takes when inflated. Stomauhs cannot he 
divided aecordinK to the food which animals eat, because the shape in 
many, whose food is very diifcrent, ia nearly the same. 

In all qnadrupodB, as far as I know, the stomach is shorter and 
thicker than in the human, and does not become so gradually smaUer 
towards the pylonis. 

Of Diffestion. 

DigeetioD is a process that ia similar to no other process in nature: if 
it was iu any way similar to the natural changee that animal substances 
alone, vegetable substances alone, or where both substances imxud, 
undei^ when left to themselvea — I say, if it were so, then — digestion 
would he equally good in all animals and in all people. But it is so 
tmliko these natural changes, that in all bad digestions these natural 
changes are in a small degi'ce allowed to take place. Digestion depends 
upon a principle that belongs to the containing, and not to tlie enn- 
tained, parts. 

The [power of the] containiog [organ] may, and docs dejiend on the 
disposition of the body and mind, not so much on the eouatitution or 
strength of the body ; for many weak constitutions have vast power of 
digestion, and others the reverse. Its effects are immediate on dead 
Bubatances ; almost as quick as the effects of an acid on an alkali. Its 
power depeD<ls upon life ; for, as soon as life is gone, even in the roost 
healthy, this power is lost, excepting what may be going on [at the tim<i 
of death], which continues for a little time. It depends on a living 
prineiple in itself; but that which is to he digested must be dead, or 
have lost thU living priiu^ple, or it cannot be diiisulved. 

Like all other fermentiitione, it cannot act upon any living principle, 
either animal or vegetable ; that principle must be first lost before any 
change can he produced. If it was possible for an animal to live in 
the stomach of another animal, supposing digestion not to be going on 
in that stomach, it would then live while digestion was going on ; fur 
that animal would not be in tlie least dissolved, because the living prin- 
ciple in the animal would prevent or counteract the digestive ijuality of 
the stomach. If this was not the cnso, then we might readily BUppose 
that even tliough the animal life was not immediately otfected by the 
digestive power, yet at last it might he destroyed by the external and 
extreme parts of tlte animal being digested, and la the aninml be obligtvl 
to die. lilii- u pcreon with a mortification. But tlmt n lii-ing animiil 



OF IIKIKHTION. 



147 



n'illnot be so dittaolvud is every day proved by wornui, maj^gDld uf flies', 
living in the atomaclia of nuiny animals : and if it woe n powor that 
rould act upon a part that had the living principle, a» wult an aa arid 
con, then the stomach itself would certainly be dissolved. 

If one coiild winecive a man to put his hand into the MWiitneli of a 
lion and hold it tUero without hindering the digestive powers, the hand 
would not in the least be di^'«ted ; and if the hand of a dead man waa 
put in at the same tinio, whether aepomted or not from the body, that 
hand would be digested, while the other would not'. 

All carnivorous animals, as far as 1 know, botli quadrupeds and 
birds, throw up from their stomocha any substance that in not fit for 
digratian which they swallow with their food; the eiigle. hawk, owl, 
&K., when they HWallow hair or feathers and bone along witli tlie meat, 
afterwards throw it np ; because these substantia not being dissolved 
with the meat, they are left in tlie stomach, and by its action they are 
eoUed up into the form of a ball and then thrown up. The bone.i and 
hair of a mouse coiled up, with dirt or sandy substance, is thrown up 
from the stomach of an owl. 

It is the same with the dog ; for if a dog happens tn ewaUow any of 
tlieee substances, they throw them up in tlic same manner. I have seen 
a dog eat hay whioh was aticking to the meat, and afterwards throw It 
up mntted together. 

Tlie blood which a leech sucks is not dige8t*«d in tlie belly, but lieti 
pretty pure and but Uttle coagulated ; and is ubsorliod intit the EUbatHnce 
of the animal like the nourishment of a vegetable, and is there assimi- 
latMl, and the exurcraontitious parts are sweated through the skin. 
Leeches ore of that class which have no anus'. They are fond of 
blood, but a very little kills them. If they have not suekod a great 
deal they will live a long time with it in them, and spew it out a little 
at a time ; but they seldom reimver. The blood they suck is both venal 
and arterial, because when wo open them wo find it is mixed, and of 



' [The stomach bott. m- larva of the (BOrtu Equi. u tho miMt Cuniliu' uutaiuM of 
Ihiakiiid.l 

* [Tlio Hj/dra piridis occaaioaally perrornu auch an raperimpnt for lu, swsllowing 
one of iia own ormB along with it* pre; ; but. whUe this in dinolved, the liiing part 
of it«ir ia dii^rgnl luiinjured and rceuniM jti fuiictiona. Ka;, «OBietinie« one 
indindnal i> ■wallowed entire alonp with n worm which ■ Wrongnr polype may have 
«in»d ; in this case llie worm ii diKrated. but the WMker polype foon diamgagn 
itMiir from the atomach of its conqueror, appnrontly utialTected by the digmtive 
tolvent, Af Hnnter'a mstiired coiicluiiion» on the digestive pracHi were published 
hjhim (AniniBl Economy, pp. &1-I2I). hit speculations in MS. on itn ■formentativt 
nature,' kc.. are not here gi*en ; having bmn. apporantly. nbaadoDcd b; him. 

' [The mpiiirinal \errh has ■ rectum and fenl opening ahnvr Ibe hinder 
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carnivorous animiils. WTiy there should be this difference in the fii'st 
[Hmoll inteetdnes] is nut so easily accounted for ; but perhaps the last 
[difibronce] is to allow of a longer continuance of absorption, as the 
food ia less similar [to the animal it is to become part of] in the herbi- 
Toroos than in the camivorDus [species] ; and thercfui'o it has a loss 
tendency to putrufuetion, as wo find to be the case ; for in all hcJ-bivorous 
animals we have their excrements loss putrid than ia the camivoroiis 
ones. Those animals that have but a short cKcimi or none, and which 
generally hare but a short and small colon, have their ejccromenta always 
thin. 

What is the use of the villouB coat of the intesfino? It cannot he 
for absorption, as many of the surfaces of cavitios that absorb copiously 
are entirely smooth. Is it for sensation ? 

In many animals it was necessary to have tho last part of the intes- 
tines [colon is meant] larger than the others, that tho food might bo 
deprived of its thinner pai-ts ; and, perhaps, the lymphatics are not so 
large here as in other pai'ts. The colon is largest in those animals 
whose food has tho least nourishment in it; which food does not go 
wholly through the stomachic process [is not completely digested in the 
stomach], and which food undergoes but little change, consequently 
such animals, i^, tj. tho horse, &c., have a much larger quantity of ex- 
crements ; therefore the contents must stay longer [in the colon] than 
in the other intestines. 

However this may be, it is certain that the fniees have not such a 
quick passage, therefore must become putriil ; which was the cause 
perhaps of a valve at the termination of the ileum, tlmt those putrid 
contents might not regurgitate. If we understand the use of a valve, 
we shall understand the use of a caecum. Thin seems to be no more 
than the valvidar insertion of the ileum ' ; for if it Lad been a sudden 
swell In Ihii gut, there could have been no i-alve. The ci»cum is longer 
in some animals than in others. In all animals that 1 know, the length 
is in projiortion to the width, except in the human subject, where it ia 
shorter ; and in man it ia more fixed, which may be one reason of its 
proportions. 

A new-bom child has no air in its stomach or guts; of which one 
reason is, that they do not take down anything by the mouth ; nor 
is there any putrefaction, or anything analogous to it in the guts. 

In the human subject there is a difference between the intestines 
of the fifitus and the adult. In the foetus there are no ' valvulai con~ 
niventes;' but the int4.'stines are longer in proportion. Thus in 
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a child a week old, 1 foot 4 inches iu length, the small intestines 
meusured 13 tvet 2 inches, which ia 9-25 times the length of the child ; 
and the great intestines mensured 1 foot B inches : so that the whole 
leaglh of the intestines was 15 feet, being ten times the length of the 
child. 

In another child. 1 fbot 9 inches long, the small iiitestjnea were I'd 
feet, and the great 1 foot 8 inches, which makes tho whole 7*99 timea 
the length of the child. 

In s third child, the intestinal canal was 7'^S times the length of 
the body. 

These three had [eaehj their ' appendix cicci ' 2 inches long. 

In a child that was 3 feet 1 inch long, the small intestines were 20 
feet 1 ineh long, the large intestines 3 feet; being 7'12 times the 
length of the body. 

In a man that was 5 feet 7 inches long, the small intestines were 
25 feet 9 inches, tlie large intestines 5 feet 2 inches, the whole 30 
feet 11 inches; which comes to 5'53 times the length of the body. 

In another man of 5 feet [in stature], the small intestines were 23 
feet, the largo 4 feet, the whole being 27 feet ; which is 5-4 times 
the length of the body'. 

Of Air in the Butvek. 
Much air in the stomach and bowels ia a imre Hign that ttie.se bowels 
are weak. It fli'st shows a bad digestion, the food running too much 
into the putrefactive kind ; and it shows that they are not able to 
eitpel it when let loose ; for air is much more diflieult to eipel thun 
uommon &cces. This we see to be the case in the guts out of the body, 
for it reijiiiros cloHcr squeeiiug to expel tlic air than Ihe other eontenls. 
It will regurgitate if the intestine is not held tight : 8U that if the guts 
are not able to contract upon the fffices so as to shut up the pussagc 
entirely, it will be impossible to expel the air. In people that die in 
foil health, we find little air in the intestines: and what there is, 
is found in the ileum, which is the weakest intestine. 

Of Excrements. 

The excrements would seem to be made up of Ihe parts of our food 

that do not animahzc, of the ports that are changed in the digestive 

process but not animalized. of the parts that are not digestible, of tlie 

parts that the lacteals have nut taken up, that arc or mny ho animoliied, 

' [Id iximparing tho rrlatiTe length of InlMlinsI cnnol la hndy in Uu> liiinuui and 
lowor sniinaU. iJie length from Tertei (o veni should ba Uii> nieiMiini lokm for the 
btKt» in man ; whpTHU Ihe loww limhi m» included, u in the inttsnw in ihe Uxt. ] 
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nnil of the juices of the body ; which juices may be either throwE out 
of the body OS useleaa, or be sach parte as were intended to stimulate 
the guta, nfl the bile. 

The thickening change which takes place in the escrements an they 
pBSB through the alimentary canal, would appear to aiine from rest ; 
tor, when into the colon, the motion of the exoremente cannot be so 
ijuick as in the small intestines ; and wlu'n the parts are in a sound 
state, we never find anything like thick excrements, even in the ileum, 
or even like thin excrement ; for there in a, very material diiference 
between the contents of the ileum and the contents of the colon : hut 
that this does not arise from any peculiar property in the colon, hut 
from rest, apjwars from the disseclion.of Miss Limm ! [Where is thia? 
(Mks Wm. Clift.)] 

Of the Absorbents. 

It would appear from e^erimenta that the absorbents do absorb 
after all communication is cut off between them and the brain and cir- 
culation*. This is no more than that contracting or acting power 
which parts have that are not dependent on the will, which is far 
more lasting than those powers whore the will has any inBuence. I 
observed in a dog, who.'Hs, carotid artery I tied, that the Ij-mphatics 
were likewise tied, and that by next morning the lymphatics were very 
targid with a clear lymph. I collected it in a tea-epoon, and found 
that it coagulated with heat. It is most likely that every cavity of the 
body has absorbents, excepting the cavity of the stomach ; for, from all 
the observations that ever I could make, I never could find any there. 
I collected some lymph from a lymphatic on the loins of a new-killed 
dog, and observed that it had a good deal of the coaguiable lymph in it, 
but the eerum that was expressed by the coagulation of the lymph did 
not coagulate by heat. How is this? for the lymph in cavities haa 
none of the congulable lymph In it. Do the lymphatics communicate 
with the artericB ? 

The absorbents seem b> be capable of taking in some things and not 
others : or they reject some things and receive others ; and, in one 
state, they can reject, while in another they receive the same thing; 
for instance, the small-pox [virus] is not received by the skin, but by an 
ulcer. The lymphatics would seem to be affected by stimuli, for where 
there cannot be the least reason to suppose an absorption, they are 
affected, and the glands also. 

* Vidt Book of EiiwrimniU on Ibwrption. IWbera i* that Book?~W. 
CLlrr.] 
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Mr. Williams, who pricked hia finger witb n clean needle, had tho 
glniKU in hix arm-pit swell, and had small rigors ; almuHt immodiatel)' 
Upon rpcdving the wound, a lino of pain ran up the whole arm to the 
glaiMi). 

The lymphatic glands being only in the T<traa)iliu, and the absorbents 
boing much more ncut in titeir coDHtniction, having a number of valves, 
in that class, wunld tthow that the fluid absorbed is to be more perfect 
than in other classes. The Ij-mphatics appear to be entirely influenced 
by the living principle', not by the senidtivo. We know of no power 
wliich the will or the mind has over the abeorbentit. 

Tlio absorption is certainly not begun according to the principle 
of attmction by ca]»iUary tubes. In the first place, it would require 
rigid tubes for such effect', which we cannot aupjioBc to be tlio case, m 
so vimt a numtwr of such tubes upon the skiu would be liable to a 
thousand nccidonta which would render them unflt for their purposes. 
Secondly, if atisorption was left to such a uniform acting principle, 
tliore would be no choice : every substanee would be absorbed e(juiUly, 
for a cupillury tube cannot rcfiise any fluid. Things that were insolu- 
tory would bo an readily absorbed as things tliat are salutary, which wo 
flnil not to be the cose; for we find some things absorbed with diiHculiy, 
till u disease is produced similar to the kind of substaneo to bo absorbed, 
BUuh us the venereal matter ; for it is seldom absorbed excepting from 
a venereal sore. 

It iM more in concord with the general principles of the animal 
machine, to suppose that none of its efi'ecls arc produced from ony 
miH'liniiicLd principle whati.'ver ; and thut every effect is produced fhim 
H» action in the part ; which action is produced by o atimuIuB upon the 
part which acta, or upon some other part witb which this part sympa- 
thiieSi 60 n8 to Utke np the whole action. 

Major Hughdt had nJiMtilu in ano, for which he had been cut ; hut 
U never entirely healed from the bottom ; however, it sometimes heult>d 
at Uio mouth, which produced an accumulation of matter at tho bottom, 
whleh prodmed inflammation, ulceration, &e. ; but what was most 
ninuirkiibU\ wb« a Bvctling of some of the glands of the groin of the 
MUiin olde. 

I I'm'^ my own case, Tin. J I had the point of a pair of scissors run 
III l\ir H Ultle way into my hip, just behind the great trochanter, and a 
kIhiiiI of tho (troin became soro the next day, \\l. when the inHumma- 
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tion attacked tlio wound. If this was from ubsorption, then the lym- 
phatics behind the great trochanter pass forward to the glundx of the 
gruin ; if by sympathy, it is motit probable that it ia from their taking 
the Bomo conree. 

Dropsies of the k^ are alwnvB observed to be moKt sn-elled towards 
the evening, and least so in the morning. Thia ia generally attributed 
to the legs being the most depending port, and that all the water natu- 
rally fii1b to these, und by lying in bed it an nutnmlly returns bnek 
again, and diffuses itself over the whole body. This may often be tho 
case ; but I am persuaded that this is not always the case, and that tho 
awelliiig throngh the day arises from extravasation taking plnce in the 
day, and that tho subsiding of the swelling in the legs through tho 
night, is from obeorption. 

This was certainly the case with my own leg ; for, first, tho bandage 
was so tight round the calf, as not easily to aUow the water to pass up 
into the tliit^b ; und, if it hud soaked past in the night, it would have 
been obliged to stagnate a littlo above this bondage before it could get 
to the ankle, as it wutdd be in some meosaro retarded by the bandage ; 
but nothing of this kind happened. 

If this be the case, then the extravasation must be owing to the 
small vessels in the weakened part not being able to sustain the cohimn 
of bluod while tho body is erect, or nearly so ; but when laid in a 
horizontal position, the vessels are then able to suppurt tho foreo of tie 
circulation ; anil then the lymphatics absorb this water already thrown 
out in the day. 

Of Lymphatic Glanda. 

Lymphatic glands become larger and larger towards the Ihoracic 
duct. If lymplmtic glands wore guards upon the absorption, then 
tltore would be no occasion for internal lymphatic glands; or, if gtinrds 
u]u>n internal uhsorjition as well as ostemol absorption, then they 
would produce worse disease in themselves than that which they were 
intended to provcnt. I should imagine the glands are cellular, because 
the lymphatic ones are filled when wo blow into their substance. Now 
if the substance of tho gland was only rnmificntions, I should expect 
the veins and arteries would til] as soon as the lymphatics. But this 
is not a sufficient argument ; because whether the lymphatics opon into 
cells, or are only branched, they make tho largest part of the gland, 
and are much wider than either arteries or veins. As to any use that 
we know the lymphatic glands to be of, it soems to me immaterial 
whether they ore celluliir or are divisions of the lymphatics ; for both 
wntild soem to nnNwer the same purpose. 

Vrom thf bhitk mucus often liawked ii]i in ihe morning, after being 
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HCGumulateii through tlie nliuic iii(i;ht, it was Mii|)po8cd tlmt it wus 
sccTsted by the dark-culoured lyinpUatio glanda that lay about tlio 
trachea ; but it certftinly ia not, thoso being truly lymphatic glands. 

Of l/te Nalwal Lubricating Fluids. 

All eavitios have a fluid of some kiud for the more easy motion 
of their sides [and vonteiits] upon one another. Some have it in large 
quantity, eb the veatriclee of the brain, pericardium, joints, &e. ; siime 
have it in small quantity, an the thorax, abdomen, tunica vaginalis 
t»stis, and commou cellular membrane. Where it 13 in large quantity 
^-e can judge of its nature, but where it is in very smuU quiintity it is 
almost impossible to judge. One way of judpng is by comparing one 
with tho other in the diseased state of both ; or in that disease which 
produces an increased ijuantity [of the natural fluid]. When there ia an 
increased quantity of fluid in the ventricles of the brain (excepting 
from inflammation), the fliiid is the same as when it is only natural in 
quantity. The same [may be said] of the pericardium and of the joints. 

From tliente it ia retiaonable to suppose that when there ia an 
increased quuntily in the thorax, abdomen, tunica vaginalis testiB, and 
cellular membrane, this fluid is similar to the natural [fluid]. 

Our internal canals are passages for our secretions, as also for extra- 
neous matters, as fsces, air, &c., in which cases they may be said to he 
both passive and aiaive. although [they are] probably never entirely 
passive. They are most passive in the ureters and urethra, but prind- 
pally the last, as also in the trachea ; and are most aelive in the inl«s- 
tines. But even where they would appear to be least active, as in the 
trachea and urethra, yet they are active so far as concerns their own 
matter or themselves. Thns Ihc urethra acta Ia press its secretions, or 
unj extraneous matter forwards, and I am persuaded the trochew has 
the same power. 

It ia more easy to conceive how a flexible canal, such as an intestine 
or urethra, may have this power, when we know that they can act so 
as to shut up the canal. Their actions are all directed one way. 
beginning at one end ; but. as we cannot suppose that the trachea can 
shut up itA passage so closely as to compress its contonts forwards, and 
if they do come forwards and even upwards, mostly in the human sub- 
ject, then there must bo some other mo<lo of action t« effect this. That 
the mucus of the trachea is gradually conveyed up is a fact, and tho 
only thing wanting is the mode in which it is done'. I conceive that 

■ [The BoUfln of Lite libratile cilia of thn tmrbcal miiroun mninbmiiB wuuld Iwru 
tiMm s welnnil* apocUcle to Hunter, if it oould liiiTi- b«n abown lo Iiim in a gt>ocI 

modHm mioroscoiw: it irouW h»»e F«^ii«l h» prBH)onci'pt...ii ..1' ■ r-on-mnt wiion 
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the in^de of tbe trachea is in couHtant at'tiun, and that tlmt uctioa is 
alwaj'9 directing the eubfttance uttadied to it in its own direction. 
This might be attempted to be illustroled by the effect produoad on a 
hair when rubbed between the lingi'ra and thumb ; tor, aithough the 
motion in the finger and thumb dues nut direct the hair to take any 
oourac, yet it movea in one direction. Thia nriaes from the surface of 
the hair. But the some thing would happen if the fingers had the 
same hind of surface with the hair, nnd the hair the tiame with the 
flngerM. It might be suptwaed that the air passing out might give this 
direction [to the mucus in the trache-a] : but I should hardly conceive 
that suiBcient ; for the air mnst also pass the contrary way. which, if 
eqoal in current, would keep it stationary. However, we may observe 
that the air passes out with greater velocitj- than it passes in. 

Organs of Secretion. 

Secretion cannot bo called fermentation, nor can it be called filtni- 
tion, hat it is a separation of such parts of the blood as the particular 
glands are fitted for ; and such as are either obnoxious to the oonstitu- 
tioo. or, us when combined, or united again, have properties according 
to the parts aeparaled. 

In ull oiir secretions there is a great deal of that substanco called 
mucus : indeed mucus would seem to be the basis of most. The other 
ingredients are the distinguiiihing marks by which means they are 
called ' this' or ' that.' The urine, sweat, perspiration, and the tears, 
would seem to contradict this opinion ; but there is mucus in all of 
them. The formation of mucus seems to be the natiirul aairaal change 
into which she forms herself when she intends throwing part of herself 
oat of the constitution, either for waste or for uther purposes, such aa 
digestion and motion of the parts alroad}' formed : so that most of the 
secretions that ore to answer some particular purpose, as the bile, 
semen, &c., have the particular propci'ty mixed with rancus. 

In many of our secretions, there ia mixed with the mucus something 
which gives us the idea of bitter. The bile lias this constantly, but 
lees in some animals than others ; and loss at one time than anothei'. 
The was of the ear has it. The mucus on the tongue in a fever, or 
after a debauch, has it. I should be apt to suspect that this principle 
is of a vegetable nature, similar to the bitters of that kingdom. 
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Of tbe Liver [loos 

From the liver being hut one long lobe in snakes', &c., it would 

appear that the vast division in the liver of the dog", &e,, is not for 

' [Hufil. Prep. No. 802,| 



156 



PUTSIOJ-OGY 



motion ; m nuthiug has so luuch of the bending motion m a. snake. 
However, wliero tho liver ia divided into many lobes, the^ will admit 
of u sliding motion on one anotlier. 

In a dead woman, sitting on a chair, tlie lower ongk of the right 
lobo of the liver eame a» low oa the angle between the colon and ileum ; 
thence it ran obli'juely upward to the anglu of the curtUuge with tlie 
seventh rib on the left aide. Tho gall-bladder waa perjiendieular, 
throe inclice below tho angle of the curtilage with tho seventh rib on 
tho right aide. The lower end of tlio spleen waa just two inches 
below tho cartilages of the ninth and t^nth ribs, which is just opposite 
the navel. Tlic stomach waa below the navel and on its left side. On 
laying her on her buck, idl these parts went thi'co inches higher. 
Every part seemed to bo in its natural situatiou and size, only the 
stomach wus lower than usual. 

Notes and Queries on Bile. 

Wbat is bile ? It misea more readily with spirit of wine than with 
water ; but still very readily with water. Bile is a secretion, not u fer- 
mentation. It is a decomposition of the porbi of the blood made by tlie 
vc«Bels of the liver ; or, in other words, a stniining off of such ports 
OS, when united again, make a combinutioa called bilo. 

Has not bilo more vegetable juice in it than any other secretion 
excepting the milk' ? It is bitter ; (pves a tinge to water, alcohol, Jic. 

When tho bile ia stopped from going into the int«8tineH. then iuUoWB 
a costivcnesB. This shows that the bile acts as a stimulant to the 
iutestiiies, and is a kind of natural pui^. As this ia really tho ease, 
wo cannot suppose that tho bile goes through the stomachic fermenta- 
tion ; therefore it is not digested. Again, we cannot suppose that Uic 
bile assists in digestion or the stomachic fermentation, as it never 
enters tlic stomach in a natural state, and, when it docs, it prodticca a 
contrary effect, viz. a nausea. This shows that digestion ia earrie<I on 
in the stomach alone, and shows why the bilo should not enter the 
stomach, as its natural eJFeets might be destroyed by being obliged to 
undei^ a change in its nature*. 

It appears very evident tliat the bile is only a natural pui^, for it 
undergoes no change in its [lassage tlirough tho intostinal canal. Tlic 
contents of tlic duodenum arc white, with a faint yuUew tinge ; hut Uiu 
lower thoy go the yellower thoy become. This is owing to tlie grouter 

* Does MMp go Ihrough the stomacliii: fermcntstion, u it ii Toand to kill worma 1 
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dilution of the bile in the iltuMlonum : and, us the oontonis are absorbod, 
the bile becomes less and It-ss diluUii, so that it becoroea more and 
more apparent ; and, a* it bwumea leas diluted, it, of bootso, acta more 
OS s stimulant ta the la&t inteatiiios. 

These nircum^tances bto plainly seen in some animals whoso bilo ia 
or a bright or high green colour, and whiuh havi' a lai-m- quantity ; for 
in them the contents of the upper port of tho inteetinis are only a litlh' 
tinged, but tboao of the lower jMirt are of n strong colour. Thia is still 
better seen in those animala that have fuatcd lung, where tho bilo w 
but little dilute<l. Uile is, 1 should suppose, bitter in insects, but not 
in the oyster, miiaele, lobster, Jic. This lost circumstance is a stron); 
proof that the bile is not digested and absorbed ; for in very hungi'y 
luiimuls wo should not expect to see anything in the state of bile in the 
intoatincs, if the bile went through the stomocluc digestion. 

If the bile is intended aa a natnnd piu^e, and as many animahi 
regurgitate the excremontitious part of their food, tho f[ncstion «ugge«tM 
itsolf. Is bilo necessary for regurgitation, and have those animals bile? 
We can regurgitate without bile, and many birds regurgitate part of 
their indigestible food without bile. Therefore probably all thosu 
animals which do regurgitate their excrementitioiis parts [Mfdunir, 
Aetinia-^ have nothing analogoua to livor and bile, but only those ani- 
maU tliat have inteutines. 

We ofti^'u find guU-stoncs tron^iparent. Is this tho salts of tho bilo 
crystalliKed ? 

On the Gall.blailder. 

Some animals have gall-bladdors and some have them not. Thow 
that have a gall-bladder, must have part of the bilo passing into tho 
gall-bladder, and the other part into tho gut at all times. Those that 
have no gall-bladder, must have the bile always passing into tho gut. 
This difference arises from two circumstances ; the first is, that the bile 
which is constantly used must be thin ; and bile that is only u.'<eil 
at certain times is rc<]uired to be thick. 

Now it would appear that some animals require bilo oqually at all 
times : therefore they have a constaat supply of bilo, which is thin. 
There are other animalu which Beem to require bile, but more at one 
time than at another ; tbo bile which tbey are constantly in want of is 
thin, whereas tlie other is thick. 

Now if this were not the case, Nature could oasUy have made it 
otherwise ; for instance, if that bile which ia always wanted by right 
should bo thick, then Nature could have plaeeil a bladder in the middle 
of tho duct, sihiili would Imvc sen-cd hm n reBervnir. where it might 
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hnve beeoitie tliipU. and yet in a cojiliuual flow. But wherp there was 
a continiitil flow, she wniit«d thin bile. Agnin, if she want*'! tliiuk bile 
whpre it continued to Row, in those animals which have the gall- 
bladder she needed not to have made a hepatic duut, but only a 
hepoto-cystic duet ; which would have poured it always iiit« the gall- 
bladder, which again would have poured out nearly the same quantity 
by the cystic at all times ; but then it would huve been thick liile. Wc 
Bce somctliing like this in fowls ; bat then thoy have a hejjatic duot 
which constantly poure in thin bile. 

Supposing that wc wanted thin liile at all tiraes, both that which is 
wanted at certain tiaiM and that which is wanted constantly j them it 
would have only beea the not nmking lyniphutica to come from [and 
aliKorh the watery part of the bile in] tlie gull -bladder. 

Now the thing to ho considered is, why the constant bile ehould be 
thin and the other ["intermittent bile] thick '/ 

It is disputed whether the gull-blodder aecretes bile or not. This 
perhaps can only be determined by diseases of this part. When Lord 
Bristol was opened, there v/as found in the cystie duct a large gall- 
ntone which ajipeared to All tightly the duct, so that no bilo could pass. 
The gall-hladdor was very much contracted although not dinoased, and 
ita contents won* a pellucid slimy mucus, not in the least tinged nor 
bitter to the taste. Fide Dissections, vol. p. [ ? Wm. Clift."] 

As some animab have gall-bladdere and others none, it may be asked. 
What is the use of the gall-bladder? Is it to keep bile for partjcular 
timejt, or is it to keep a constant flow of bile ; supposing tlie liver to 
secrete only at particular times ? However this he, the last doeM not 
seem to be so probable as the ftrst. 

Of the Panci-eas. 
The pancreatic juice would seem to Iw absorbed. The cutile-flsh 
would show this. [How? asks Wm. Ciift'.J 

Of the Kidneyt. 
The bodies called kidneys are glands intended for a secretion of a 
fltiid, which in common language ia called ' urine." Their use is imme- 
diately to carrj- ont of the circulation such parts as are iiselpss and 

' [Hunt, Prpp, No. 775 : " Pftncrena of the CiiWie-Bsh." It sliom (hr niimerou* 
falliolus, oommnnicating togrthw ao at to form wnall cloagMfd group* or lobw. 
whoM oomnioD duct* opiin not iliredl; into tbo inl«Miii«. but into the liepntu! dnfla. 
intending along llii*m from the lower pui of the liver to the ipiml UiiiinBtwl 
duodnud csrilj. VUi PhyMologim! Calalogiie. Mo. I83fl. p.a20. Swuninarduii 
Dlwrrvcs. of the apintl ea^um of tbo Cuttle-flth, — " It codIhIii a mallnr likK tlir 
pan<iTatii-jiii(VofoOif<rn>hn."-BlhI Nnriim, fol (>. R)40.) 
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obnoxious, becoming tlio coram un-8ewer of the uonatitutiun ; but those 
parts must be tarried off by a, clinnge being performed in them, oonsti- 
tutiug a secretion. 

These bodies probably do not exist in e^eiy animal ; at least they are 
not to be found in evry one. most of the inferior orders of animats 
having risibly no sueh bodies, which is oue mark of their inferiority ; 
although it is probable that in them other common parts may serve tho 
same purpose, or perform the same action : for inst-ance, it is probable 
that the inteatinca of such perform the same office. 

As these bodies, in those animals whieh possess them, are to perform 
an office peculiar to ihemselvea, tliey are distinct parts from all others 
in the body. 

They ai-e, fi'om Fish upwards, in pwrs ; but below Fish, as in tho 
cuttle-fish, snail, &c., there appears to be only one. Their situation in 
the body raries in different animals. From Fish upwards they may be 
said to bo placed within the belly of the animal, near to the back ; but 
below them, in the inferior orders, where both their number and aitua- 
tion are not the same with thone where they are evident, it becomes 
nnuertain whether such bodies, whose use iti not Immediately seen or 
obvioUH, are the kidneys or not ; nor is it bo determined where they 
may he placed; as, for example, in the cuttle-Iish the kidney is in 
the anterior part of the belly, in the snail by the lungs'. 

In «ome orders of animals they are very circumscribed bodies, being 
enclosed in a proper membrane or capsule, as in the moat perfect ordera, 
and in some degree so in Amphibia ; but in Fowl they are more obscure, 
being placed in the hollows of the pelvis ; while in Fish they are still 
less detached, lying all along the sulcus made by the spine, and are 
cloBoly attached to the parts behind, not having there any particular 
capsule. 

In some animals the kidney is a very oblong body, extending in 
length for a considerable way. and very narrow, as in some Fish', while 
in other animals it is almost globular, as in the leopard'. 

In some the external surface is smooth and regular, as in the human 
Buhjeet ; in others covered with large branches of veins ramiijing on it, 
as in the lion tribe, &c. In others, again, the whole mass is lobnlated 
into several parts, and very irregular on its surface. 

The L'onsistejice of the kidney is in general a pretty solid substance, 
but most so in tlie most perfect animal, appearing to become less and 
less 90 to the inferior orders, for in fish they are of a very tender sub- 
stance, and still mure so in the snail. 
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In the mferior orders of animals the kidnej-B are pretty mucli of thi> 
same uniform eiilwtaaee through the whole ' ; but in the (juadi-upcd they 
appear, when cut into, to be formed of two different substances, one 
called the ' cortieiil,' from its being exterior, the other the ' tubular'.' 

The cortical Hubstance has its distinguishing appearances from its 
vessels running in all directions, haviitg no particular direction of fibres, 
and also having the crypts intcmpci'sed ovL-rywhcre through its sub- 
stance- The othd' substani?o, or tubular, is placed towards the centre 
of the kidney ; when cut in one direction it appears to bo niodo np of 
ports or fibres pasung pretty parallel to one another tuwai-dK the centre, 
and when torn in that direction it splits into numlH'rlesfi fibrous jHirts. 
This substance begins in.seneiblj- in the surrounding secretory part, and 
passing inwards, they of courae eonverge and terminate at once, forming 
ono wdo of a cavity, called the ' pelria,' 

As the kidnojH have another action of their blood-vessels superadded 
t« that of support, siniilar to every other eccroting body, and whioh is 
to dispose of some of the blood in secretion besides the nourishment to 
the part itself, they arc therefore endowed with Bupemumemry blood- 
vessels for such puriioscs, and are of course extremely vascular when 
compared to many other ports of the body. 

These vessels In Fish and upwards arise &oni the great art^iy, or aorta, 
ns that artery passes along the baek-bonu. In Fiuh this great artery is 
giving off the arteries to the kidneys through the whole course of the 
kidneys, therefore there are a vast number of small ortcricH going to 
those bodies. In Amphibia and Fowl the kidneys are more collected 
and of course their orteri™ are less numerous, and larger in proportion ; 
but in the still more perfect animals [mammalsj, whore the kidneys are 
more circumscribed bodies, there wo have in common only one artery 
to each kidney, which is of a veiy considerable size. 

In those kidneys where the arteries go into them in small branches, 
as in fish, &c., there is not that necessity for their very quick ramifica- 
tions, for being originally snmll, they come soon to their ultimate 
arteries ; but in the others, wliero the artery goes into the kidney by 
one trunk, and therefore is lai^. it is obliged to lumify verj- ijuiekly, 
in order to form the ultimate arteries. 

As the arteries of the kidneys in Fish come to them in innumomlili.' 
small faiunches, and as the motion of the blood in those animals is slow 
and languid, the arteries thertiforo appear to terminate in their ultimate 
branches, as in other glaniU. But in (he more perfect animiils, cspmrial- 
ly the quadruped, — whore the urtory goes into thu kiduoy in one ahort 
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liirgc trunk, where tic motion of the blood ia very rapid, and ■whore 
tboy are obliged to terminate sooa in Uic ultSniate branches, which 
continue the rapidity of the blood's motion in them, — there we find that 
thu arteries necessary for the performance of the seerelion of luine, take 
on a little twist, convolution, or spiral turn, caUed ' crj-pta,' intended 
for the retardmcut of the blood's motion, to allow of sea'otion ; but the 
termination of everj- artery in the kidney hiia ntit these cryptte ; and as 
they are confined to the external pHrte of the kidney, they give a pecuhar 
appearance to this part diBtingiti&hiible from the rest, whence the Bub- 
atanee of the kidney in this oi-dcr of animals is divided into the two 
kinds above mentioned, viz. the cortical and the tubular. 

The veins of the kidney in common follow the arteries : however, 
there are exceptions to this rule. In the lion kind, cat kind', as alsn 
in the hyBcna', we find that perhaps one half of the veins get on the 
external surface, and iire either strongly attached to, or pass in a 
doubling of the capsole of the kidney, and then paea along like the veins 
of the pia raster, afterwards joining tlio trunks from the inside juat as 
they pass out. 

The excretory ducts of kidneys in general may be reckoned inter- 
mixed ererywhere with the secretory, forming a n^niar ramification of 
branches and trunks. The ultiniato branches are of two kinds ; first, 
where the escretory, or what may be caLed the first order of ducts, 
arise in every part of the kidney, then unite and form trunkn, which 
may he called the second order, and these unite and form the third, and 
BO on, forming at luat the ultimate trunk, called the ureter, aa in Fiah', 
Amphibia ', and Fowl'. The second ia where the secretory and excretory 
are pretty distinct, not intermixed aa in the first, the aecretery being 
the moat external, the excretory the moMt intomal"; and whore the 
excretory do not at all unite into larger and larger branches, forming in 
the end one common trunk, as in the first ; hut where they all open into 
a cavity or reservoir, called pehia, wtiich is placed in a jiretty deep 
sulcus in the inner edge of the kidney". 

The mode of opening into this reservoir admits of aome variety, but 
raay be divided first into two speciea. The first species is whore the 
excretory ducts, after forming the second and third order, open into the 
pelvis on a concave surface, as in the hoi-se, ass, &c.'; the second is 
where they form a projcclion or projections, called mamma or mammilla, 
which ar* projected into this cavity, and the exeretory ducts open on 
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the point or edge of such '. In aoice lliore is only one mammilla, and 



einfiindibiilum.e 
mommillEe and infimdibula, i 



n others there lire a great many 
n the bonaesiis*. 



Loose 'Notes and Queries' on the Kidnet/. 

The kidneys of all viviparous animals arc much higher than those of 
the viviparous ' ex ovo,' or of thv oviparous aaimala. Why so, is perhaps 
not so easily acooimted for, exeopting it bo to allow of more room for 
the growth of the uteruH. The kidneys in the two la.st are in what may 
be tailed the pelvis, and the urethra, in them, enter the common paasago 
of the oviduct and rectum. 

Why do the duelui iiriaarii of the kidneys enter the pelvis on a convex 
surface ? This may perhaps be to prevent a regui^tation back into the 
blood ; us we see in the liver from a stone in the ducts'. 

0/ Parlg whose uses are not known. 

The capsula rtnis is a nrong name for those [suprarenal] bodies, as 
they are not attached to the kidnej-s in all animals: in the Uzard 
they are placed between the testicle and epididymis. 

' [Hant. Prppi, N» 121S. 1342.] = [lb. No. 1219.] 

» [lb. No. 125B.] 

* [Thii qUBi^ could only rdate to the higbor (uiuiula, to wliicli, a> Hunter bM 
jiut ihoini, the ' eonvei mrfsce ' or muiunilla u pet^iitr. In all oviparoiu VorM- 
brsta the ' ductus urinarii ' Hra direotlj oontinuous with tho ureler, of whioh they 
are indeed nuniflcationi ; mid, Bniong nuRim&lin. the Bolipeils &nd aanw other odd- 
loed hoofed betula ( Tnpir. Rhinoceroi) have the tubuli ifrmiiuting on a concave 
■iirfa(ie, and can he injected from the polris. Nevertiieleea the ■Inirturc of the 
iiittuiQiilUF in other maininBla necnu inleadad to prevent rogurgitutioii. Does the 
dU]KMition of the renal duel* in the Oiipara depend un the BbHnoe of coiutriRtion or 
re«i)itance Bt the end of tlie ureMp, whiuh £■ to plaoed la lo allow of a ready and 
(«nstant diacharge of the urinaiy •eeretion ? Does the absence of a urinai7 bladder 
pormil Ihe wiperabundancie of earthy aalla which oharacterilea the urine in tbeaa 
i-lnaraii. there being here no intormediBle ciii^ or rvue)itBu1e in wliioh that niatlM 
can nccuuiulate to form a calculus? It is evidently at nurianen witli the alnielure 
of the bird Ihal It iluiuld be eneumbered with an annininlatpd excretion, uid conse- 
quenUy it b in the oatrirji and limilar bird* without the powere of flight, that the 
otmvenience of ■ iirinBry receptacle is met with, This is. liowerer, Imb pCFfcetly 
adapted to that end thau in mamtnBU. In tlie cold-blooded Otipsra a grealor or 
lesa proportion of the allantoii remains, Tho accumuUlion of fluid oanUtnla b thil 
oarily can be of little physical consequenee to nnimala which never raise their bodiea 
front the uarlh ; and arc in general cliaraoteriied by the sluggiahncaa of their mottonl. 
Tho bladder, however, appears in thwe to serve other purposes llian that of a 
urinary receptw^le : if it ever be QUod with mere urino at all, (Tie up the ureters in a 
frog or tortoise, and ace if the urinnry bladder becomes unLply, also what kind of 
urine aocumulotca in the conalrietod diiot. Is it from the possibility of n^irgilation 
into the tubuli, Ihnt a hor*e stand* still, and hUowb netliing to intcrferp wilh the 
n of the bladdar in «talin|t?)] 
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The spleen sepms not to have nny intmediate 
It can only be ulassed with the extreme parts of the body ; for animalB 
can go on as well, to aU appearance, without it, as those that have it. 
The common use assigned to it sceros to have no foundation, as it is of 
BO yeey trifling a giiB in some animals. In the lixard it is not half the 
size of one of the tcstides. In fowls it ia in the middle of the body, 
and therefore it cannot he formed for a balance to the Uver. 

0/ Ihe Oil or Fat. 

The oil or fat of an animal increases with age ; but, even in the young 
ftnimal it would appear that it was neceeaory that there should be some 
substance as a substitute for fat ; for in those places where oil is most 
to be found in the adult, there we find another substance in the young 
subject. It ia not an easy thing to aay what this substance ia ; it i» 
■r less oily. In the new-born child it is hardly dissolvable with 
heat, and hardly inflammable ; and is of a greyish white. It is not 
universal through the iutemtices of parts, as in the adult. Aa the animal 
advances this substance ia changed more and more for oil, and becomes 
B and more dissolvable by boat, more and more inflammable, and 
1 1 j;<ft..^j „^j f.g 1 ^ sfllnff C iolour : for jnatance, the 






know that an animal may live after auch injury has been done to 
the brain so as to take off all sciisatinn, as wo eee in many fits. 



' [For Hiinler'B .ic™ oT Uio l«idui(j mwtiflcutiDn* or the brain in ihe animsl 
•etiua, Kv p. 20.] 
» [HunL Pn-p, Na lai.'i.] 
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The spleen seems nut to have any immediate connexjon with life. 
It can only be classed with the extreme ports of the body; for animaU 
can go on as well, to all appearance, without it, as those that have it. 
The common use assigned to it secma to have no foundation, aa it is of 
80 veiy trifli»g a size in sorae animals. In the lizard it is not half the 
size of one of the toaticlos. In fowls it is in the middle of the body, 
and therefore it cannot be formed for a balance to the liver. 
Of the Oil or Fat. 

The oil OT Cat of an animal increases with age ; bnt, even in the yoting 
tudmal it would appear that it was necessary that there should be some 
8nb«tance aa a substitate for fat ; for in those places where oil is most 
to be found in the adnlt, there we find another subatanee in the young 
Bubject. It is Dot an easy thing to say what this substance is ; it ia 
more or less oily. In the new-bom child it is hardly dissolvable with 
heat, and hardly inflammable ; and is of a greyish white. It is not 
universal through the interstices of parts, as in the adult. Aa the animal 
advances this eubstauce is changed more and more for oil. and becomes 
more and more dissolvable by heat, more and more inflammable, and 
also more and more diflfused, and of a yellow colour ; for instance, the 
tallow of an ox, the oil in the [human] feet. 

0/ the Brain' and Nerves. 

As the nerves are large in proportion to the size of the brain in the 
more imperfect aniroiils, and aa these animals have life in a greater 
decree than the more perfect in proportion to the siee of brain, we may 
reasonably suppose that the nerves are the cause of simple life. 

It seems evident that the brain has such power over the neives as is, 
in some degree, mechanical ; for the nearer to the brain the nerves [are, 
they] seem to have more influence, or are stronger in their action : and. 
therefore, the meiluUa is sent down the spine, and the oi^ns of sonae 
are placed in the head ; and in animals whose nose ia some way tram 
the brain, the olfactory nerves run a considerable way pulpy, as in the 
crocodile". 

Injuries of the brain seldom or ever affect immediately the actdons of 
the heart and arteries. The pulse is n^ular and soft, but otUa fnH, 
Tlie brain would seem to have two powers ; the one, stiDation. or a 
conacioiisneas of the body, by which means it regulates the motions 
depending upon it ; the other, where it supplies simple life ; for we all 
know that an animal may live after such injury has l>een done to 
the brain so aa to take off all sensatiun. as we sec in many fits. 
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The Toluntnry cctTgy of tlic brain ia not in proportion to its sizo. 
Bnd st*in3 to beur no kind of proportion [thereto]. The power of the 
bruin to stiumliitL- a nerve to action, and the effect or power of that 
action of the nerve upon a muscle, ia as strong in the insect as in the 
human subject : therefore, whatever properties mze of brain may have 
in an animal, ther are not. in the brain, employed upon the body, but 
employed about its awn actions, as in a greater effort of the mind, and 
B greater scope of reasoning. Nor does a large brain require larger 
nerves to make the impression of sonae' ; I believe, rather less. 

A nerve is a sonsitivc oi^n, but has no business with the mind; 
for if a nerve has infonnud tho mind of anything, that nerve may bft 
totally lost, and yet the remembrance of the thing will continue ; so 
that the nerve has done its whole bosiness in communicating its im- 
presMons to the miniL We are too apt to take effects for causes ; and 
it is natural for us to do so, because the effect comes first, makes the Snt 
impression, and in most eases it is not necessary to look out for a cause. 
Impressions or scnisations are effects : — the causes of the impressions 
are external bodies. 

Nerves have nothing to do witli muscular motion [in itself]; a 
muscle has all the powers of action without nerves; but muscles mnitt 
have u siimuluB. 

Muscles are divided into two kinds, one having a constant stimulus, 
and which never tire, [others having the stimtilns of the will, and 
which do tire.] There is also a mixed kind : where muscles act by the 
natural stiniulua and do not tire, and where tliey are exerted beyond 
that stimulus by the will, when thej' soon tire. Tliereforc it is the 
stimulus of the will that tires. 

It is impossible for ihn mind (o form just ideas of oauscx and modes 
of action where neither rauw nor mode of action is known ; nor, pro- 
bably, within the reach of human sngapity. These reflcftions arc 
immediately applicable to tlie cjiiiscs and actions of an animal body. 
We see the body move. We gn further ; we sev the parts that have 
within themselves motion, which is the immediate cause of the motion 
of the whole ; and we sou how that motion can be excited. Bat all this 
does not give ns the fintt cause of motion in tliiwe parts, nor doea it 
explain the mode of uction of the parts themselves. 

The only thing, probably, left fnr ns lo do. ix to observe, as mncb aa 
poe<tble. all the visible caunee of motion in those parts of motion ; which 
of course will give us all the visilile rffi-cts : carrTiing thwe n«earohcK 
into every doss of animals ; seeing how for they vary, ao as to be olilu 
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to (lumunstratfi by one, that whidi in others may nut be csecntial [as a 
vaunQ of motioiij, only fitted for partioular puiposes ; fur the essential 
must he tho same in all. A muscle is the power that aotjs, or has the 
pover of action in itself. 

Our senttationa arc our regnhitors respecting good or evil ; hut that 
iti onlj respecting our bodies. A cousidcrable degree of heat, above 
100°, e. ij; 80 as to give pain, will coagulate the juices. A pinch that 
will give pain, will also do mischief to the ]iurt. 

Is sensation a sympathy of the brain with the jiart injured '! 

Tho ecDiies inform the mind, the mind in return informs tho senses. 
Sightgives us light and shitde; feeling gives us the cause, riz. inequality; 
and hahit of the two makes tho Inst [touch to teach the eye] unneces- 
sary. When habit of another kind takes place, thea light und shade do 
not give the idea of inequality. A slab of variegated marble does not 
give the idea of an irregular surface. 

When a disagreeable sensation takes place joined mth a disagreeable 
reflection, or is accompanied with some disagreeable circumstance, then 
it becomes too much for the human finme : for instance, the sawing oil" 
a mau's leg. or, what is still worse, cutting the human flesh with a 
rough instrument; it becomes horrible. 

Pauu of the inSommatory kind arise from the nerves of the purt;i 
being affected by the parts themselves being affected ; but pains of the 
nervous kind arise from the nerves themselves being affected, without 
the parte being affected that these nerves go to. 

The senses are not always regularly proportioned in eveiy person ; 
some sense being acute, while another is obtuse ; and the contrary in 
another person. 

The intellect or understanding has an immediate connexion with the 
senses, and the senses with the intellect. But we find that the different 
Benses have not always tho same shore of this connexion ; some sense 
being capable of iufunning the intellect much more than another, and 
the intellect using that sense upon every occasion, and neglecting the 
othora. To explain this by example : we dnd that some people cannot 
pay atte-ntion to what they hear, but search for objects of sight, in order 
to he informed by the eyes ; these retain what Ihoy do see, and can 
readily reason from il, while they lose the coniioxiou [between the sub- 
jects addressed to the eye und the ear], and forget the half of what 
tboy hear. On the other hand, one shall not be able to pay attention 
to what is before his eyes ; and, if nothing be sjud, nothing is noticed ; 
but be will listen to trifles while grand objects are bofoi-o his eyes. 

If it were poedblo to have more senses than wluit #c have, it is very 
probable we might lose by the gain. Wo are cortainl)' not capable of 
majuiging more vmietv of sensations ihau what we have at iinvsent. 
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and many ore not capable of niantiging thuse. Take uwiiy n schho from 
some, tliey would be toleiubly sensible. 

Of Sensibiliiy arising from involuntary actions of Voluntari/ Parts. 

Although TOusL-iiIur action urisiug from tlie dispOHition of thp muscle 
itself, called spaam, is almost alwaya attended with sensation more or 
lesfl, often [with] pain, and that wry violent, yet this ia not univemally 
the case ; for I saw o gentleman who hail inpoluntary contractions of the 
orbicularis mnselo of tho left eye, and the muscles of the angle of the 
month of the sorae mdc, and there was no pain, not even a sensation in 
the muscle that aet«d. This is the first case of the kind I ever saw. 

What was also curious in this ease was, that tho antagonist muscles 
seemed to have lost their voluntary power of neUon while the others 
were acting involuntarily, as if they [the involuntarily acting ones] had 
been acting at the command of the will ; and the antagonists accordingly 
keeping at rest. 

Voluntary actions would appear to be as if tho part were compelled 
to act by the will. Those actions arising &om tho state of mind would 
look as if they were only influenced by it. 

Sneezing ia an involuntary act, arising from a local stimulus, and 
requires a fuUer inspiration than coughing. 

We can imitate coughing and do it with any degree of inspiration ; 
but we cannot imitate a snoezc, even when wo fill the chest full, for it 
ia a peculiar action. When I wanted to sneeze, when 1 hud a rheu- 
matic fititch in my back which deprived me of making a complete 
inspiration, I could not ; but I could cough with the inapirution I was 
able to make. 

The difference between coughing and sneezing is, that coughing is to 
clear the throat, sneezing the nose. In the action of coughing, the 
[tarta being moveable, adapt themselves to the ojieration, and it is an 
operation of their own. But, in snoozing, the part that is to be cleared 
ia fixed, having no motion in itself; therefore, to diffuse the air over 
the whole surface as much as possible, tho head makes a shake suitable, 
and turning with the blast of air. 



Op the Senses. 

Of Seeiiiff. 

The human is the only animal that judges of ttuiigH in genr^rul by 
tho aye. It ia do predominant sense in man ; therefore it beconioi 
m«rB improTed than tlio other senses, when seme uccident has cust the 
scale in iti favour for a greater frequrney of aiUon lluui tJtcm. We ai« 
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comparatively mQltontive to things by our other eensos as thoy are less 
affcct«d by things : the most villing sad most uaeful arc always first 
employed. 

One reason why intelligence by the eye surpasses in accuracy [that 
byj the other senses, is that the object is or may be permanent, and 
may be compared with other objects, and considered in itself at the 
samo time, at our leisure. 

In bmtes the sense of smoU seems to be the mcwt predominant. 
Thoy only see and hear things to avoid them when at a distance, but 
not BO cmch to dii^tinguish them or examine their properties ; ondi 
indeect, aa brutas are not capable of examining things with- attention, 
the sensation of seeing does not strike them beyond the bounds of 
simple mght. 

Of tite Orbit. 

The human kind and the monkey have the moat complete orbits 

of any animals that I know. This is owing to the sphenoid bone 

making a considerable port of it by its union with the oa make 
and oit frontis: this makes an almost complete orbit. But there are 
three sorts of orbits ; viz. the one we have given ; the second, where 
the sphenoid does not go iu [to the orbit] with the os mala;, nor make 
any considerable share of the orbit ; so that there is a lai^ hole 
between the orbit and the sulcus for the temporal muscle : this sort of 
orbit belongs chiefly to graminivorous animals, as horses, cows, sheep, 
deer, &e. : the third sort of orbit, which is the most incomplete, is 
where the sphenoid is like the former ; but, besides that, the os malse 
docs not join with the as fi-ontis ; so that, in place of a hole, we have 
a large notch which is filled up in some animals with hgsments, in 
others with muscles and lignraents : this sort of orbit I think belongs 
to carnivorous animals, as dogs, cats, &c. 

The human orbit is hu'gcr than in any other animal in proportion to 
the siiie of the eye. 

From the human kind there is a gradual change of the [position of the] 
eyce from the anterior to the lateral parts of the face ; for in many 
animals the eyes are placed on tho sides of the head. Besides this 
change there is another, i-iz. from the [axis of the] eyes being at right 
angles with the face, to [their forming] obliqiie angles ; that is, the axis 
[of the eyes] turning downwards, This last change is owing to the 
change ft-om the perpendicular to the oblique position of the head. 

The prominence of the eyes of animals, and their angidar situation, 
is for the lai^er sphere of vision, and at the same time to see better any 
thing that is near their feet, as the head projects so much : this we nee 
to bo the ease with the horwe. 



1 68 PHTSIOLOOY 

Ajiimitb wliitli ure titber subject to be pursued, or wliicli fight willi 
thdr hind feot, liiive tlieir eyes placed on the aide of tlic head, and pro- 
jeulmg, so na tu throw tlic eye backwards. A hare, rabbit, many 
MquirrolB, &c.. arc of the tiret Idnd; the horse, deer, A-c. nrc of the 
second. 

0/ the Choroid Coat. 

That part of the choroid eout of the cjcs of auimula tliat is covl■rl:^d 
with a. irigmentuni nibiim, is much thicker and stronger thuu any other 
jmrt oi* the snnie coat. 

0/lke Motion of the Iris. 

The cyea of nnimala liuve the motion of the ilia incrooHed in pro- 
portion to the size of the oje ; but those that see in the dark have 
a greater motion of the iris than those that do not, in pro|)ortion 
to the size of the eye ; and, perhaps, the oblong shape of the pupil is 
to allow ft greater opening when it is brought to a round form than 
possibly cuuld have been done if it had be<>n ulwiiys round. 

It would appear from the disease of tli« eye tailed ' gutta serena,' 
that most probably the dilatation of tlie pupil was owing to elastidtf ; 
for although the iris eunnot tw stiraulated by the retina being affected 
by light, 80 as to cootraet by musailar action, yet wo can hiirdly sup- 
poso that the dilators [if there ore suchj can or will net so contrtuntly 
as wo find by the pupil being kept diluted for so long a time without 
tiring. (D. Anderson's case, p. .) [Where? naks Wu. Cliit.] 

1 uoncoive the iria in endowed with a sjihinctoric property, or power 
of contraction. 

It is very common for the iVngok cats to have the iriu of the two 
e}C8 iif different colours. 

0/ the Flutneia of the Bottom of Eyea. 
The dutncss of the bottom of the eyea of some animals is, ]]erha{w. 
to have distinct vinion on more parts than one, not as in the humiui 
subject ; for the flatness keeps a greater surface of the eye at an c(]mU 
dist4inue from the crystalline leas, therefore a greater [surface] at the 
focal point of distance : bo that they can kcc lateral objects nearly as 
perfectly as direct ones ; and we may obwervu that they do see lateral 
olijocta sooner or qiucker than we do, and can thrtiw the eye in dif- 
ferent directions on the same ubjecl. 

Of the Size of Eyes in different Anitnalt. 

There is a great difference in the siic of py» in iiroportion to thr 

tixe of h'tdy in birds, und Mich difference I* also iibHm-able in olhrr 



or SIGHT. 169 

animnlB. All tliose of tho Iiod kind have remarkalily large t^ee, aud 
all tfaose of the V>ear kind remarkably msnll ones ; and the intention of 
thin is f cry eriUent ; for wc may always know the qiheTO of motion of 
the animul in search of its food, or in the common exercise of life, by 
the dzo of the eyes, Molea have very email eyes for that reason [in 
that rclutionj. This difference ia not so much in animals that ore 
always on the Burfnce of the earth, as in birds. 

Civilization appeara t« have considerable effect on the eyes. Many 
people ha.ve sore ojcs ; many grow blind. Are the same [effects ae 
common] among savages V Civilized horses, dogs, &c., are more apt to 
grow blind than those animals which lead a more natural life, as 
deer, &c. 

Two toads, after being undor ground thirteen months, saw very well 
on a strong light being lot in upon them. 

Vide ' Book of Experiments,' vol. i. p. 84. [Qubdfo : What Book is 
this '? — Wm. Clift, Vol. t, implies another or more. — It. 0.] 

On Squinting. 

Some people squint with one eye only, and never in common vision 
turn that eyo to tho object ; it is then commonly turned in towards 
the nose ; but when the other, or active eye, is covered, the affected 
eye then turns itself towards the object. Other people only scjuint 
in some directions of the eye, not in others ; and this is according to 
the position of the object. If the object be nearly in the direction of 
tho natural position of the [affectedj eye, it will find little difficulty in 
directing ita axis towards it. Other people, again, squint with both 
eyes altcrnntely, rcKpecting the position of the object. Such, 1 think, 
find it more difficult to turn the eyes inwards tlian outwards ; tboy look 
at the object according as it is placed, If it is a convei^ing squint, 
they look with the eye which is on the opposite side of the object ; if it 
is a diverging squint, then the contrary. 

This shows that the squinting eye is not able, or has not been habitu~ 
ated, to turn its axis to all the positions of the head with respect to 
objoot*. while the other eye is doing its office ; for, when not under 
this drcumstanee, [when compelled to act by itself, the squinting eyoj 
it becomes a good eye. 

On Gutfa Serena. 
The disease called ' gutta serena ' explains the power of motion of th« 
iri«, without which wo could not form a just idea of it, Kvcr}- impres- 
sion [of lijcht on the retina] excites a contracting power in the iris ; 
which word impr(<iwion sayit it is muscidar : but as the uis also dilates, 
it was not so easy Ui say whether Ihut was performed by dusticity or 
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muscle ; for a want of uuprcsadon beu)meB b canae of action [a musela, 
antagonized by elastic tisane, cetuiing to act, permita the els^tic motion} 
In a gutta aerona the iris is somctimos puralytic, and in others it is not, 
which, when under cortain circumstances, can be ttiscavcnsd ; and this I 
shall now consider under the lour following heads : — 

firgt, a total loss of the susceptibility of impression of light in the 
immediate organ of visdon, in both ejTss : hcojuI, such [loss] attended 
with a pundyBis of the muscles of the iris : third, a total loss of tlie sos- 
coptibility of the impression of light in the immediate organ of ™ion of 
one eye: fourth, [such loss] attended with a paralysis of the mnsclce of 
tho iris of thnt eye. 

The first luid second of thehc will produce no variety ; because, as the 
stimulus of li);bt upon the retina becomes the cause of action of the 
Hphinutcr of the iris, it will be impossible for the iris [in the absence of 
thut stimulus] to have any motion ; and therefore it connot bo deter- 
mined whether the Rphinctors ore paralytic or not, 

Itut the third admitj) of variety ; for if the muscle is not paralytic, 
then wo shall find that the stimulus of light upon the retina of the 
sound eye bocouies a stimulus tu the sphincter of the iris of the diseased 
eye ; so that it will contract upon the light being thrown upon the 
sound oyo, but not so much as if ita own retina could have been affected 
by light. 

The fourth admits of no variety ; but it informs us whether the 
Rphinuler of the iris is paralytic or not; for if it does not contract 
upon the light being thrown upon the sound eyo, wc may be sure it is 
imrulytie. 

From nil which we may judge, or reasonably suppose, that the iIlU- 
tation of the pupil nrisos from elasticity, and not &om muscular con- 
traction ; for its groatoat dilatation is always attended with the greatest 
paralysis of tUo other iiarta. 

Whenever a person is totally blind in both eyes, we find that the 
pupil is dilated to its full oxtont ; but when the blindness is only in one 
eyo, and [there be] no paralysis in the sphincter of the iris of the dis- 
cftsc<l eye, wo find that the pupil will contract if the light is tlirown 
on the sound eye. 

Dr. Robertson's (of Kingston) case belongs to tho [fourth condition]. 
There is a total paralysi§ of the loft eye, both of the retina and of the 
sphincter ; so that his pupil is very much dilated, and shows no signs of 
contraction when the light is thrown eitlier upon the same eye or on 
the sound one. Ho was electrified, but it did him no good. 

It is a common observation, that people, us tUoy grow old, grow longor- 
si^ted, t'. c the focal point appoars gradually to move to a greater 
di'^tHQce ; but this is not the cose. It is not « changti En tho position 
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of the refmctiiig power (which might be supposed to bo a cause), nor 
un altertttion in the form of the refracting ]Kiwer (either of which would 
oblige the focnl [loinl or whole ehape of the eye to vary) ; but it is a 
ilefect in adapting the eye to near objeclB; for oU such do not boo 
dieUiat objects better than formerly, but they do not see near objects 
80 well as formerly. 

The circumstance takes place in those only who have been uwod to 
BOO well objects both near and at a distance,' and they lose the near 
eight ; whereas thoae who only saw well objects that were near, huvo 
the natural focal point near, and continue 'to see thorn at that distance. 
But it must be remembered that they never had a groat scope of focol 
aetion in the eye, or else they would have adapted it to more distant 
objecffl. 

Every eye has a natural focal point, viz. that point which requires no 
exertion of the eye to adopt itself to it; whereas every object within, 
or beyond [the natural focal point], nHjuires an excrtiou of the eye t« 
adapt its focus to that object ; and, the further [the object may be] 
&om the natnral focal point, dther way, the greater the action reqnirod. 



Of the Organ of Hearing. 

The organ of hearing is pocnliar to certain classes of animals ; the 
more imperfect do not appear to be endowed with this sense. Insects 
certainly have it, if what is rolatt'd of bees be true : however, I have 
not been able to discover the organ il«elf below fish', where it is very 
conspicuous. 

It is a specific or peculiar organ fur the Nonsation of sounds, the 
organ itself answering no other known purpose, which is not the caso 
with the nose and tongue. 

As the matter, or body, which is the iirst cause of sound, is not in 
contact with the organ, there must bo an intermediate connexion or 
medium between the two. This medium is not confined to any one 
species of matter, which circumstance we may inippose produces a 
variety, and therefore the organ must vary in some degree according to 
the medium. The air appears to be the proper medium for us, but 
wat«r is the medium for flsh : however, even to us the medium ia not 
confined to lur, nor can we justly suppose that it is confined to water in 
fish. 



> [In the jna 1782. Hunter atated. io bis tiBoanX of tlie Orgm of llearing in 
Rdi. mtd befora the Boyal Socictj. " Ibal Ihc dan oUled SepU hu tfun organ abo, 
bat lODicvliat dillfarvnilf nnulnirlcd from (rhKl it ia in ttw Fith." — Phil. Tnn*. 
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A3 souniJ JH communicated by vibratioii, everytliiiig that does vibrato 
13 either capable of producing sound or of increasing it ; and iKrbape uir 
has the leaiit power of vibration of any Kubstanco or mudificntion uf 
matter wo arc acqutunted with : and, from CTpcrimcnt, water haa been 
found to be a much better vibrator than lur. 

As this IB the citse. it would &om thence appear, that an ear destined 
to hear in water need not be so nicely constructed as one in an animal 
whose waj of life confined it to live in air ; and accordinglj we find 
them verj- different. 

The vibrations of the medium of sound in many animals are in- 
creased before they reach the organ of sense by outworkB, called the 
external ear -. but this is not universal, belonging only to some of those 
whose cars are adapted to the libration of air, and even lo them it 
varies considerably in the different animals that have it : besides this, 
there ore other increosers of vibrations, such as membranes BtFot«liiiig 
across the cavity, and other apparatuses besides. 

The most simple construction of the organ of sound in any of the 
Ml i mill " that I am yet acquainted with is that in fish. It ts composed 
of three canals, describing nearly a circle each, and so placed as to 
make a triangle. Some uf these communicate with one another at their 
ends, others not. They oU open into one cavity common to tlie whole. 

These canals, in this class of animals, are thin and transparent, and 
of a cartilaginous substance, pretty regular in size through the whole, 
excepting at or near to their unions, where they swell immediately into 
round cavities. They arc placed in the bones or cartalagpa of tlie skull 
or head, and in canals or passages in these ports by much too wide for 
them, and are supported in these passages by a very fine cellular mem- 
brane. In many they project into the cavity of the skull. They appear 
to have no external communication wlmtover'. 

The cavity formed by the union of the whole is pretty lorge ; in it 
there is a bono of a particular shape in some, while it appears to be a 
chalky substance in others, aa in the skate, or my tribe' ; in all it i« 
perfectly detached : it is very large in all the cod tribe. Besides the 
bone there is water, or a fiuid, in the cavity. 

The nerves are very distinct in this order of ears : it appears that 
they do not enter the cavity uf these canals and spread upon their inner 
surfaces, OS is generally supposed to bo the case in the human ear, but 
Bocm to be attached to the external siirface only, on which they spread 
so as to onelose a little more of the eamil. 

The nest class of animals above fish is the TritoUia. Their orpui 
of hearing becomes a little more complicated, having a greater wiriety 



' [Uuiil- Pn'ju. Kos- I JOH J6P.] 



: [Ib-Nu.. IfflJUIBT'l.) 



OF HE A RIND. 



17.1 



of parts annexed to it. Tliey have the three spraicireular canals as in 
fish, hut they are smaller and not so long. They lie in the bones of 
the head, where there are very wide passages for them ; they unite 
into one common caiity, which has a chalk in it, as in the skate, &c. 

The additional parts in thta class of animals. — From tb'" hall, or 
common i»o-ity. passes outwards to the external surface a long small 
bone, which ia broad at its inner end or base, where it makes a part of 
the hall : its outer end is attached to a memlirane in most of this tribe ; 
but to ft cartilage in the turtle', which ia of an oblong figure, conges 
externally and concave internally : this membrane is also convex on one 
aide and concave on the other, in the same position as the cartilage. 
In most it is nearly in a line with tie common surface of the body, as 
in the lizard'', tond, fiwg', iSc. ; but it is placed somewhat deeper in the 
crocodile*, which bns something similar to an external ear ; and it ia 
covered in some by the common integuments or scales, as in the turtle. 
This cavity has au opening into the mouth, which is very probably no 
more than a duct. 

The next class of animals above the TncoHia is tLe birds. Although 
their ear ia not much moie complicated than that of the Tricoilia, yet it 
differs from it in some degrees. There is a neatness and precision in 
the Htnictrire that is not to be found in the Trieo'dia. The semicircular 
canals in the bone are small and regidar, and appear to answer the 
purpose of tieae canals. If there are also the merahronous canals, 
then they are to be considered here on only linings to the bony. The 
hall is smaller than in the former. 

The passage between the hall and membrane is enlarged and extended 
into the meditnlHum or cells of the bonus of the head, and much more 
in some birds than in others. 

The membrane of the ear .is not so superficial, so that there ia n 
canal, or a continuation of the same canal, beyond this membrane, 
leading to the external surface, which terminates in particular forms in 
different birds, which may be called an external ear, passage, or focal 
[cavity']. 

The communicalion het^Kon the hull and membrane by means of 
bone is similar to the former {Tneoilia, viz. by a single bone]. 

There is n passage from the ear into the mouth [Eustachian tube]. 

The next class of animals above the bird is that commonly calhsl 
quadruped. Their ear is much more complicated than any of the 
former, having actually more parts, 
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In this cla88 tlie Bemiciicular lanals are aimilar to the foratt'r', but 
we have pasBing from the hall another or fourth canal, which is coiled 
npoo and within itaelf, called cochlea'. 

Thi> tj'mpn.Dum is exloadcd some way into the bonea of the head' ; 
in some much more so than in others, as in the elephant, similur la 
many biids. The membrane is more internal than in the former, which, 
of coarfie, makes the diHlunve between that membrane and the external 
Burfaeu still greater. It is concave externally, contrary to the fore- 
going. The communication between the hall and membrane is by 
throe boncB* instead of one. 

The passage from the membrane outwards is of considerable length j 
first in the bones, then continued fiirther by means of a chain of earti- 
lago, making a pipe, which when got to the external surface spreads in 
most into various forms and length, called the external ear. But this 
last part is not to be found in all : it is not in any of the whale kind, 
perhaps because the water is sufficient of itself' ; nor is it of any size 
in the seal kiad, porliaps because they are intended to search after their 
ptey in the water, therefore not necessary. Nor are they to be fonnd 
in many animals whose life is principally ted undei^roimd, such as tho 
mole ; and perhaps beeause the earth assists considerably in vibration. 

Query : Does the membrane of the ear increase the sotrnd by increa- 
sing the number of yibralions, or by inertuising only the same vibration ? 
or does it only communicate the first vibration in the air? I should l>o 
apt to suppose the first. 

All animals that have no external ear pmjocting from the head, as 
birds, lizards, and, I believe, many of the amphibia and sleeping 
aiumnls, have their mombrana tj-mpani convex exlemally. How for 
this is a substitute for an external ear is not easily determined ; bnt it 
would appear to have aome surh effect, as it is so univemal. This olasa 
have no coclilea. Snakea and tortoises have no [obrious] external 
pamago to the ear. 

It is most probable that all animals which are capable of forming 
sound have the organ of hearing, but not conversely ; for there Bit 
many animals that are not capable of making sounds themselvee that 
have the organ of hearing, e. g., fish. 

In those animds which have external projecting cars and a eontrider- 
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fible motion in them, such as hares, cows, sheep, i(x., the cor describes 
a half conoid ; but the circiunfereneo of that cone in not a section of a 
circle, but a side of an ellipap, with the long axis turned forward and 
backward. Besides this conoid motion, the ears have a rotatory motion, 
which attends the conoid ; so that, when the ear ia turned forward, the 
mouth of the funnel is likewise turned forward : and when the ear takes 
its sweep outward, the mouth of the fimnel always corresponds to that 
motion. All this order or division of animals hoa the membrana tim- 
pani concaye on its external surface ; and as all of this claaa are Tetra- 
foiUa, they havo all a cochlea. 



0/ Hearing. 

The hearing of animals is either acute, distinct, obtuse or ob«oure; 
fitted to the various ways of life. Some animals have only one of those 
properties, while others have two or more. 

Ist, The ■ acute ' is for those animals, as mice, Ac, that are a prey 
to others, by which means they avoid danger. The acute is also for 
those animals that pixiy upon others, us cats, &c., that they may the 
better find their food. 

iJnd. The ' distinct ' is where the animal can distinguish between ona 
sound and another, and take in the whole variety of sounds, such 08 tho 
human kind, many birds, some beasts. 

3rd. The 'obtuse' is for those animals that are not in danger of 
bdng preyed upon, nor is it their way of life to prey upon others. 

4tli. The ' obscure ' is where animals cannot attend to, or ore not 
capable of taking in or distinguistung, the variety of sounds. This is 
perhaps the lai^est cbus [or may characterize the majority of animals j. 

These four circumstances ore the cause of such a variety of forms of 
ears. 

The human kind, perhaps, possess the greatest share of any, eepe- 
ciaUy of the second (ijoality), for they certainly can distinguish sounds 
bcttur than any oilier animals. 

The animals of the first class will require some degree of distinctness 
as well as of acuteuese : as by the pajticulur sounds they will judge of 
their proper food ; as, in the case of cats, the sound of mice or rats, the 
fluttering of birds, &c. ; and so of other animals according to their 
different kinds of food. The hearing of the third class will generally 
be attended with obscurity and indistinctness ; for those animals, whose 
way of life requiree no great variety of action, which are in no great 
danger themselves or endanger others, and which make no great variety 
of sound themselves, will generally be attended with the fourth [quality 
of besjing]. Animals will havi- distinetneas in sound in proportioa to 
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their variety of aelinn, und tho gri'at vuriutj' of soiukIh that tlit-y are iu 
the habit of making thomselvus. The same thing mn^ be obiietTod of 
all the other senses. 

Of the Effects of Sound vpon Animnla. 

The cSects that sound has upon animals may be divided into two. 
The firat is simply sensitive ; [the second reflective. The first is] 
when it oifecbs the mind, and increases or diminishes the passions or 
the operations of the mind and body. This is only by simple sounds, 
varied in such a manner as to make the mind sympathieo with, and, as 
it wore, imitnte the sound itself ; by which means every part of tho 
body sj-mpathizes therewith, and is, as it were, put into sui-h motions 
as are in unison or concord with the sound itself. It will not he an 
easy matter to aceount for this universal effect of sound upon the 
body, excepting it t>e in this way, that every part of the body is a 
conductor of sound, and of course is affected by it ; and therefore tho 
body is more ready to sympathiee with the mind, or is more ready to 
receive the impressions of the mind, than if it had not that immediate 
connexion with sound. 

Kounds having tins universal ofiect upon the minds and bodies of 
animals can only be determined to some fixed object or idea; fori tho 
moment it goes further in the mind than the immediate effect of the 
sound, it becomes a compound [idea] w^hich the brute does not readily 
perform. It always raises in the human mind some fixed and deter- 
mined passion, which may be called its ' first combination ;* and then, 
again, that passion ia directed to some object for which it has the 
easiest or greatest inclination. For instance, it will raise strange com- 
motions in the animal system, plant the seeds of love or the suscepti- 
bility for love ; and, if that man is already in love, those sounds will 
raise the passions in the mind which only wants the absolute object to 
fix or determine it; which [object] will be brought immcdiul«ly into 
the mind, and will oven increase the passion at the time in proportion 
to the simple effect it has upon the mind. 

If a man has a turn for war, for conquest, dee., there are certain 
sounds that will raise him above himself, and make him feel irretiistihle ; 
which will bo determined to some fixed or general objects, just na his 
mind happens to be pre-engaged. 

Nothing shows the effects of sound upon llie body more than murio. 
No man would bo inclined to dance withont munic : the music nlw) 
dptormincs the kind nf dance. Uusic is universitl : the mind imme- 
diately feels its pffe<ts, and has rwwurw to it, on much as the bndj' 
for food. 

When we sny that we nrr iimtMiimf. of n lJiin|t. il iRi])lim twu tiling*. 
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viz. ' consciousness,' and the ' thing.' But, in faet, it is only one thing, for 
consdousnees is the whole. But from the manner in which we form 
ConaciouBiieBS, it is aJways referred to that manner ; for, being in a state 
of conBciousnoss b seldom or ever simple consciousness, but is com- 
pounded of a number. And, as consciousness arises originally from 
impressions, it must always suppose, or have, the impression at the 
time. The memory of hearing is always a compound of hearing and 
seeing ; our remembrance of some sounds is owing to having fixed ideas 
annexed to them. Tho remembrance of sounds that we have fixed no 
ideas to is owing tJi our being capable of imitating them. If wo had 
not this power we never could remember a tuno, for instance. Bounds 
have two powers [soorces ?] ; tho first is natural, as melody, sotmds of 
fear, of anger, itc. ; the other is from art, or is descriptive, by which 
we form ideas and moke impressions on our passions : the first is of 
the head, the other is of the soul. 

Animals have not those fixed ideas that n 
perhaps, thut the sensation does not moke the i 
mind; for the impression on the mind ia 
sensation. 

Seeing mokes a strong sensation upon c 



have ; and the reason is, 
ame impression upon the 
lot in proportion to the 

: minds, hut not on the 



mind of b dog ; for u dog will hardly know one he is not allowed to 
smell at. 

The sense of hearing and seeing both require an action of the oigaa 
for distinct sensation. How far all the other senses are obliged to 
adopt themselves to the impression I do not know ; hut probably tiring 
or being accustomed to impression, so as to be insensible to it, may in 
some dogree arise from the loss of action of the parts not adapting 
themselvee to the impression. 

Elasticity in bodies is tho cause of sound, bnt they must be quick or 
abort vibrations. Those bodies that give short vibrations, are hard and 
brittle, that is, they yield but litUe before they break, because their 
power of yielding is but short. 

Of the Organ of Smell. 

The sense of smoU has an organ for receiving the impression called 
the nose. I suspect it is not so universal as what taste is; at least no 
organ that con give the idea is found in many of the more imperfect 
animals, and even in one tribe of the more perfect. 

The organ of smell is a simple organ, being principally fitted for this 
sensation, and therefore presenting less variety than the organ of taste. 
However, the organ may bo said to answer other purposes, as it gives 
passage to the air for respiration : so that the two purposes are answered 
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by the aiuUQ net. Besides, in some imimaU it is I'limgali'd so as to act 
aa Ml listromitf or arm. as in tho oleiihimt ; or ta dig. as in the liog ; 
but in these cases this elongation is only to be considered aa a unvfal 
[Mirt pUiced here for tho convcnienuo of the organ of smell, as tJiis 
extromitj- is generally employed in the nffnir of foiKl. 

It b situatod (as far aa I kuoir) near to, and ahove, the month in all 
animals. 

lu the Fieh, which is the most imperfect animal that I know which 
has this sense, the organ is distinct from all othere' : hut in the Amphi- 
bia". Bird', and Quadruped', it eommunicatcs with the month. This 
situation allows it to be an assistant to taste, or rather tlio remote 
judge of proper food, while taato may he reckoned the immediate : for 
the body which posscsfies the quality of odour, need not itself be in 
contact with the oi^on, but only the parts possessing that quality raised 
into vapour, and that vaiwnr making the impression ; or the substance 
becomes soluble in water, and that water coming in contact with the 
organ, wliich becomes similar to ta^tc. This hapjicns to }>e the uoso 
with Pish, which is no more than smelling the medium in which they 
live, so that smell becomes much more extt-nsivc in its mode of reception 
than what taste is. Indeed, I beheve it is in the same proportion 
more nsefiil to those animals which have both : for many aidmals might 
do very well without tiiste, which would do very ill without smell, 
oa the dog, fox, wolf, lion, cow, hoi-sc, &c. In such it would bo 
extremely inconvenient not to have it, for the upemtion of tasting is 
considerable, requiring a moyemcnt of the body to he tasted, and also 
to undergo a change, while smell is done at once. 

As tho mode of applioation of the matter which mukos the imprcsmon 
in smell is moro delicate than in touch, tho oi^gan is also more delicate 
in its structure. The structure in tho sensitive part appears to be 
prett}' much the same in aU the animals possessing this organ : it is n 
81)ongy or soft membrane and very vascular; which is known by injec- 
tion. It does not appear to be covered by any cuticle. Ilie acute 
rccj>ption of smell by the mind is caused by quantity ; therefore the sur- 
face of impresuion is exteoded or increased : and moro especially in 
those animals which are to, or con, distinguish their food by this st-uso 
alone, and still more so in those which are to go in seareh of it by tlie 
smell, such as the dog. iSc. 

The opi'vatiou of smell is performed, I believe, in the net of renpiru- 
tiou in all animals that breathe air: and in nil, excepting man, this 
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operation of ronjiirntiod i-i ])riii<'i]Hillj- [it'i-foi'moJ through the nose, so 
that the pfl-siHige iu thuni iinswL'i's two purpuaos. 

Hnelling ia nu more than thu atniosjihcre or meiliiun in which the 
atiimiJ lives being iinprcgiiat^d with such niatt«r na to make an inipres- 
nion on the organ ; therefore the air becomeu Hie medium to the aerial, 
aud WHt^r tii th<.' aqnntic. Thcro is, however, a tribe of uniniak whom) 
constmution is thut of the most perfect, but which live entirely in 
water, which senroh and catch their fond in water, yet from their 
general oonstruetioii they mujnt breathe aii'. [Whale and porpoise kiml.] 

Here uriaos a diHicuItj* : tui animal to breathe air which it neol not 
smell, and not to breathe water which it should smell, it' smelling were 
necesatuy ; and to make a wuter-nose. wud making the animal, in this 
respect, lite a fish, whioh would be deviiiting li-om the fii'st principle ' : 
therefore nature liiis made them cniiiely wilhuut the orgau of smell-", 

0/ Smelliiiff. 

Tlie tliird ciense ia that which is called smelling ; it is where the 
matter ia too refined to be able to affect any of the other aenww. To 
affect this sense it must be in vapour, but it docs nut entirely depend 
Upon matter being in vaponr ; it most likely depends upon a particular 
modification of matter, or a particular moditicution of vapour which 
naturally arises out of the volatile body, Whether the impression is 
by impulse or by tdniplc application ia not ao easily ascertained. 

Tikis aense has a dt^ree of refinement above taste ; and is, much in 
the same proportion, less hurtful in il^ disagreeable sensationn. It is 
ao connected and so subservient to taste, that I am inclined to think that 
i measure judge of the taste of a body from the smell, 
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Whether or not tliis imagination arises from custom, as we taste but 
f<'W things that we have not smelt before we taste, may be a question. 
The moment that we smell food, we that instant have an idea of its 
taste; just as when wo hear a beU ring we have an idea of the bell. 
But what is most certain is. that smell and taste give us general ideas 
of one another; for, whatever is rich and fragrant to the smell, is also 
such to tlie taste ; and I should suppose that whatever woiild give taste 
in Wtttion, would gix'e smell in vapour, and petlmps such a smell as 
would give u pretty just idea of the taste. 



' [The ' homiilo^«r prinriplr. or that of Tnit; of Plan.] 

- [T)ii» VIM [imhab];) written brforc Hunter had diiu«rted thf piked ord crao 
wIuIm. in wliicii lie diw'overed Hie orgiai of smell. See Animsl Economj, p. 377, 
«nrl niml. Prep. So. I^VHi.] 
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thoro being a dcticieutT in the Bensc of smell in tlie huniaii &]jcci*'>t! 
and we find that the tongue in the human epeciiv* is better calculatrf 
fur tasto than it is in many other animalM. ItH Hnrfaco is vohUj' 
increased by the villi and papilla?, and bj- its cuticle being verj- thin. 
It is of considerable use in the first operations of deglutition, such as 
the management of the food in the operatinn of mastication, and, when 
the food is masticated, to conduct it to the oesophaguB. It makes, per- 
haps, a prineipnl port uf the instrument of soimd. The other nxea 
(which in many other animals arc considerable) are but few in mitn, 
the hand supplying the deticieney. 

Oftlte Progress of the Senses, espedalhj Taste. 

It is some time before children are sonaihlt^ of different aensations ; 
eyerything that strikes the senHes is tko same ; but by degrees they 
begin to diHtinguish and separate one from the other ; first, by the 
agreeable and diwagxeeitblo [impressionw]. A new-bom ehild is not 
sensible of ta'ite ; all ttwtcs are alike : the whole business of a chilil, 
ut firjit, is to swallow ererj-thing that touchcB the liiw ; nor have they 
111 this time the [wwer of rejection. 

A child luugbs when it ia but a few days old; and this cannot nriso 
from any pleasing ideas, as it cannot have formed any ; but it must 
arise tivm an ap'eeable state of body : not from mere absence of 
uneasineBS, or perfect tranquillity, or insensibility, but from a certain 
irritation that is agreciiblc, without thought. Some soundN have the 
same effect at so early an age. Children swallow whutcver is jiut into 
their moutli, let it bo ever so (what we call) ill-tasted ; this shows that 
taste is some time in forming, and requires a variety of iropressinntt to 
cause even agrt-eable and diwgreoable tastes ; liesiden. ut first cluldreu 
have not the power of rejecting ; thej' gain that by Irnbit. 

Relative Durabilitij of hnjjressions in the different Organs of Sense. 
The sense of smell is the least durable of any ; when llui application 
is continued we verj- soon lose the sense of it. Taste has something of 
the some kind. Sight is tiie most permanent ; wo always see when the 
object strikes the organ of inght. excepting when the mind is attending 
to something else, or when the organ in tired, as when going ti) sleep. 

Of l/ie Organ of Touch. 

Although every part of an unirnal feelti, yet Ihr skin and uU exjKiicd 
parts are perhaps the moHt nenxilile of the simple impressions of toiiih*. 
and not only most sensible, but most eapablo of diBlingutiJiing tin- 

* IIpiv I would bo undenlood M malui ■ mnlm-uil ili^niL'iion brim^ii Ihr bciim- 
Itpii ot tuiicb, and iri'iiAtiDuW ot^lioii or puiii. 
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different impresuions. snch as roiiglmes.s. smoothness, hcnt, cold, &c. 
However, many internal Hurfatoa are also capable of eommunicaling 
many of the aarao Hensations, such as the mouth, rectum, and urethra, 
for wc are very sensible in those purls of heal, cold, &c. Nevertheless, 
we find the siiperficiat suifuces more capable of giving irith nicety the 
superficial Btmcture of bodies than any of the others ; and this much 
more so in some parts than others, such aa the skin on the ends of the 
fingers, lips, g!an« penis, even the tongue. Perhaps this perfection of 
touch in some of these parts may in some degree arise &om habit ; 
howevor, we find the organ more perfect in those parts than in others, 
being covered by a stmcturc ■which is fitted for the purpose of scnsa' 
tion, called villi, not of ucuto sensation, but of delicAte, or perhaps 
moi-e freijucntly of itistinguishing, semution. This is confined hy an 
increase of this structure in those parts that arc most sensible, as on 
the ends of the fingers, hps, &c. : and also in manj' animiJs where it 
was necessary for them to have the pai1;a well defended from external 
injuries ; such we find in all those animids which have houfii ; there 
the villi are very long and placed very thick and close'. 

This structure is much Letter adapted for sensation than what a 
smooth surface possibly could be, bccunse lie we olwaj-s fe«l a rough 
sur&co or body better than a smooth one. this roughness in ourselves 
supplies in some degree the phicu of rouglmess in the body touched. 

This stnictui'e, fitted fur the impression of touch, is perhaps perfectly 
mechiuiical, being ouly adapted for the impressions of rcaiHtanee^, 

0/ tht Voices of Animals. 

All animals of the samo species have the same voices. For instance, 
all horses neigh ; all dogs bark ; let the diff'ereneeB be ever so great in 
every other respect, as to size, shajw, or colour. A lion therefore is 
not o cat, and indeed it is not in other reflpccts, ( Vide Dissection of 
the Lion.) 

Blacks fi'om the Guinea coast never articulate sounds so clear, so 
distinct fi-om one another, and so sharp, M the Whites do. Whether 
this is a defect in the organs themselves arising £h)m the form of the 
mouth, lips, &c., or from any other of the organs of speech, is not 
easily determined. Phyllis, a negro poetess, left the coast of Africa so 
young that she had not the least remembrance of it. She was taught 
to read and write and became a critic in the English language, but 

• Tlie wiimlion of li«« and cold niaj b* broufbl in aa »n objection lo tliif idea ; 
but limt Hiid ivld nuiuirit perhaps no pecnlinrily of itnirlure for rwciviiig Ihcir 
iropreuions. it bi'ing Ihat of tiiiiplo wnwlion oiily. u of |>nin, &e. 

' [Ilunl. Prcpe. Not. 1410-lll;l.| 
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etill had some of that tbicknesa in her speech which all the Ouint^u 
AfricoDB I ever saw have. 

The cuckoo being educated by [or bronght up with] Tarious birdtt. 
and always having the same voice, is a proof that tiie yoong do not 
take their sounds or voice from the parents. 



uint^a I 



OBSERVATIONS ON GENERATION. 
On the distinctive Characters of tlie Sexes. 

All the most perfect animals are of two sexca, male and female. The 
chief distinction between the two is in the parta of generation : but, 
besides this true and certain one, there is [an outward] character pcculiaj 
to each. Tlie male may bo always distinguished from the female by 
hifl noble, masculine, sad beautiful figure. This holds good in all 
animals, but in fowls it is most remarkable'. This difference depends 
on the effects that the ovaria and testifies have upon the constitution, 
which is not till a time of life when they become useful ; so that both 
sexes are alike at an early period of life, some time before puberty 
[excepting simply having different parts of generation] : but abont the 
time that they both are fit, or rather becoming fit, a change in disposi- 
tion takes place both in make and in beauty ; but this is must remark- 
able in the male. He, as it were, leaves the female state and undergoes 
a kind of change or metamorphosis like the moth, the female remaining 
more stationary ; however, the female is not quite so, for she ocquiros 
properties peculiar to herself. These properties in the female, although 
they would appear to differ or rather appear opposite to those of the 
male, yet, in another point of view, they will be found to have a certain 
amilarity. and which similarity is only known by bringing the male 
and female under the same condition : this is by castrating the one, and 
Bpaytng the other. In either case the operation produces a [kind of] 
third animal, different from either male or female, and of course 
different from what the castrate would have been if it had been allowed 
to undergo the natural changes arising from the retention of the natural 
parts. This 'third animal' is luoro like the female than the male, 
because the male undergoes a greater change than the female docs. 
The female in her changes follows the male in a small degree : which 
change ^ves the difference between this ' third animal' and the female. 

To put this in a simple point of view, we may observe that at 
one time of life, the male, the female, and the neuter, are all three 



[ ' The dium&l Jccipiira, or Bird* of P«j, form an exoepdna 
female being the larger and 'nobler' bird.] 
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or wmilar], viz. whoa verj' young. Take of any one genus, 
iple pigs, at a very early period of lite, two males and two 
«ld one male and spay one female, and observe the gradnal 
OB they take place. It will bo obaerved that no differenoo 
place for a while ; and, when it does, it will be hrat observable 
in &e male ; for an the molo undorgoee the greatest chtuige, ho the dif' 
ference is sooner observable : the male also is fltteil at im earlier period 
of life for his purjiosc than the female, therefore [effects of castralaon 
show themselves] sooner in him. 

The female then begins to change, following in a small degree the 
male ; but as the change In the female is in a much smaller degree, ahe, 
as it were, remains more like the castrate than what the mole does. 
The eaatrat*. both of the male and female, goes on eqmilly [in a 
Aouraej, as it were, natural to an animal which has no purpose to 
answer but that of ita own support ; and thercforo it may be reckoned 
the standard, and the mole and female the variations. 

The differences between tlto male and female in its fiilleet extent, 
exclusive of the parte of gencratioD, ore ' sixe in general,* ' size of 
particular parts,' and ' disposition to bo fat.' 

After these general observations let us illustrate tiera by example : 

Mrst, as to size in general. Those animals, of which the male Is 
lAJ:ger than the female, have the castrate of either still less than what the 
female is ; so that the female has in some degree followed the male, 

Steondhj. Those animals, of which the males are smaller than the 
females, have the females smaller than the castrates ; so that the moles 
arc oomparatively contracted in their growth, and also the females, hat 
in a less degree. Instances of this wo have in many animals. The 
black cattle are strong instances of it. The bull is smaUer than the 
cow. and the cow is smaller than the ox, or than the spayed cow. The 
swinc-ldnd are also convincing instances of it. 

Thirdlij. Those animals, of which the males and females are of 
nearly the same size, have their castrates nearly the same, viz. horses. 

It may be impossible to show the use of change of form [in the two 
sexes], from what may be called effeminate to the contrary. Yet it 
would look as if it were to please the vain ideas that the female has, 
which Natnre has given to all animals, — a passion that was very 
necessary, for it prompts on some and gives a kind of happiness 
to others. 

That this change depends upon the testicles and ovaria is plun. 
This we see, that in the castrated cock the comb docs not grow, nor 
bis ai)ur6 ; he has not the tail nor the shining feathers. Castrate a 
young bnll, and his ne«k will not giww : but the hair of his forehead 
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uud hisi hnms will grow to the li-ngth uf those of a cow, or loneer. 
Toko a boar, ami liis tiisliB will not grow. In the i-ninuiJi tho child's 
voice keeps the same [at luuturity]. 



Dulinctioit of Hie Sex inapjireditble at early Age. 

ITie ilistiuotion of the sex, cxduaivu of the piuts of generation, is 
but vejy smull in childhood and youth. Boyfi and prls are vory 
similar in all their I'caturca when firKt formed ; even the jiarts peculiar 
to onth are similar to one another [in the cnihryoj ; both seentin^ to 
shoot out from one point, but each on a different plan ; therefore they 
become very different by the time they arrive at perfection. We not 
only lind this circumstance in the most perfect animals, but in the loss 
perfect, vin. Birds. All young birds, male and female, are vtiry much 
alike: the distiuction does not take plac* till they cast their firet 
feathers ; and then the weimd begins to distinguish the eex, vii. the 
cock becoming difforont from what it was before. 

It is to be observed, that in the whole progrces of separation 
[departure from the common character], it is always the male that goes 
off from the female. However, the female has her distinctions ; but 
they are not all peculiar to herr the male has the very same, besides 
those peculiar to himself', viz. the adult female has llie hair on the 
pnhis, so has tlie male ; the swan has the second gi-owtli of featliera, 
so has the male. 



Acts of Generation. 
The ports of the male and female, in their natural state, bear b 
pretty near proportion with regard to variety ; bnt as the female parts 
are subject to changes from impregnation, this producci' a variety of 
itself; and as these changes vary in almost every anima.. it produces 
in the whole a vast variety in the one sex more than [occurs] in the 

Tlio net of generation seems intended by Katnre to give plejMuro. 
Those animals tlint oro mole and female, and those which are her- 
maphrodites, have it in u strong degree. How for those have it which 
cannot be called of either ae;t, or wholly of both, such as the Polj-jnis, 
is not easily deti'rmimil ; but in the tithere it is obvious. 

In those that eopulate, the plcaeare is in the coptiktion, whcthor 
^ivii>aroufl or oriparous. lliose that dii not cupulalo are oviparous, 
and have their pleasni'e in the evaeuutiun of Iheir eggs ; such as iVogs, 
toads, and all the roc-flsh kind. Tliis plciuurc, muni likely, is not in 
I) pustinge of the cggii ; hut, i 
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the male, although thcra is no inBcrtion ; aiid in the roe-tuh it would 
seom to arise from the nibbing their belly uguinst some hurd body. 

Mental Iiifiuence over the Act of Generation. 
Thti nut of gcnorntiun arises from two cnuaes of motion : one an 
iatemiil stimulus in (]ue8t of external iufliieutp, the other external 
and meehanical. A strong effect upon the mind by meunH of nerves is 
capable of doing it ; so that the aetion of the nen*c8 ia similar to 
external inllucne*. A dreiira does it more completely, which is a 
stronger action of the mind than when awake ; for, when awake, the 
mind is tiuetuating between the deliuion of idea iind the truth, which 
only produees half Hie efiect ; but in tlie dream it b all idea, or the 
mind is allowed to aet on the porta with lull force i therefore the nerves 
do not net of themselves, they only become a stimidus to other parts. 

Relative Pugnacity ufl/ie Sexes when in Heat. 

S[08t males fight for their female when she is in ticat ; but I believe 
no two females in heat fi^ht for the male : — the human perhaps may 
bo considered as an esception to this rule ; but, if it is, it most probably 
arises from reason joined with the strong principle of dcBirc of being 
possessud. 

On the Seasons for Breeding. 

Animals whieli are obliged to have recourse to the fruits of the earth 
for food for their young, breed early or late according to the season for 
their ree])octive foods, which ' stiason ' generally includes waimlh ; and 
animuls which have the power of prorision within themselves, breed 
according ti) the warmth of the season. Joined with the modes of pre- 
BenTn(5 tlicir oim heat, either by the economy of the parent, as [esem- 
pliHed in the nests ofj mice, rats, £c., or by their own covering, as in 
tho case of lambs, iS:c. 

Warmth brings forth seeds faster than cold, therefore there ia no 
determined time for their development, but that which relates to heat. 
Warmth also brings forth insects from the c^ sooner than cold, and 
makes eggs hatch faster. But does a warm climate make a woman go 
less than nine months ? or a cow, So., less than the osual time in eold 
djmates? Precodtj' in the hnman species is a consetpicncc 
climati'. 

On the Orgaits of Generation. 

lUli,f:mnf r«;tfu'«;Srm.'W«&jSw«/7'«(«.—Thct(wteH of animals, 
with or wilhoiil vesicitlie ei'mindes. are pretty much upin n par 
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n^ard to aiie. If the Tesieulse seminales were really Buch, we might 
Buppoae that the teslicleB woitld be much less in thoee anunala that 
have the ' veaiculie' than in tboac that have them not ; ua u small bodv 
thut ia always secreting, is capable of secreting as much in iweaty-foor 
hours aa a much largur one ia in five minutes'. 

The testes in all animals, so for as I know, are oval. One mig^t 
suppose that this shape would give an easier oiit out of the a 
but the testes of fowls, ic., arc of the same shape. 



Dinica Vaginalis Communis. 

In the adults of [mammalian] quadrupeds, the tunica vaginaUa testis 
communicates with the abdomen, but it keeps nearly the same ate, 
between the testes and abdomen, that it had in the foetus ; so that this 
part of the canal does uot increase in proportion with the lower end whero 
the testicle is, and with the abdomen. 

The origin of the Bpermatic arteries and veins of the ovoria are the saute 
in all animals, let the situation of the ovaria differ aa much as posMhIe. 
The origin of the spermatic arteries and veins of the t«Etea and of the 
(iraria is the same in all animals. 

The Bpermutio veitsela go ont from the abdomen higher up in the 
ciundnipt'd llinn in the human ; they pass under the peritonieum tiottg 
the psoas muscles before they get to the lower part of the r^ivity of the 
ulKlunieu, 80 that any prcssuro upon thia part makes it act like & valve. 

0/ the Prostate Gland. 

I sufljieet that the prostate gland does not go round the urethra [in 
tlid human vubjeotj. and that there is none of this gland upon tlie outc' 
rior part [of tlie urothruj. The reason that I suspect this is, that I 
have seen that gland twice' swelled and diseased, but none of tbe disease 
WHS nn the font part. 

Fowls have no bags similar to what arc called tbo ' vesicnlte seminalce,' 
and one would naturally think that they had the greatest use for them, 
Iwcauae the uick treads the hen at oOve, without any previous preporo- 
tiun ; but as thu semen must be ready secreted for Mich quick demands, 
nature has onhirged the tenninations of tlie ' vasa deferentia' in him. 
Thia Would seem to support [the opinion ofj the use of these bogs in 



:hich hare no ' rerioulc lemi- 
me quadrupeds, bon,t,g,, that 



' [In th« fclino tribe hjitnn. d»et, weaiel-tribe, 
naln,' the t»t(* an profiortionMil; gmatler Uud in si 
IHWivi llieni. ) 

■ (Till* raiut litTp bom ui ubapmlion made ■ great nian]> fmn i^, h Hauler 
mu>t hataanu rniay lUnL rwm allcniard*.— Wu. Curt.] 
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animals [as being reservolre']. I observed the same in. the dog-fish ; 
the tonnination of the vaaa deferentia were enki^cd and full of semen, 
which WU8 white and creamy. 

Generative Secrelions letted by Taste. 
The (temen would appear, both from the smell and taste, to be a 
inawkitih kind of eubstance ; but, when hold some time in the mouth, it 
produces a warmth similar to spices, which lasts some time. 

On the Mucus of the Urethra. 

The fine transparent mucus of the urethra is strongly tmpr^nated 
with sea-salt, which is immediately known by the taste. The use of 
this mucus would seem t^ assist in lubricating the inside of the vagina ; 
for it is similar to that from Cowpcr's glands in women, and it ia only 
1 the time of copulation ; none ia to be found at other times. 



0/f/te Penis. 

From QKperiments, it would appear that the erection of the penis ia 
not through a greater influx of blood at one time than at another, hat 
from a stagnation in the common passage of the blood through the part, 
as in the veins when we tic up an a^m^ 

The penis sympathizes much with complaints of the bladder, and even 
with complaints of the kidneys ; for when either of their parta are 
irritated, the pain is mostly in the glana penis ; but if either are much 
irritated, then they becomo sensible of it*. 

Penis of the Horse. 

The cavemouB structure of the penis of a horse is plainly muscular 
to the eye' ; and, from circumstances, tliere is reason to suppose that 
the human [coqius cavemosum] ia the same ; for we find that the penis 
is sometimes, in erection, much larger than at others, yet equally turgid 
at both times. When in the largest state, it is always at a time when 
the ports are warm and relaxed, when the whole constitution is free 
from all kinds of rigors ; it is Lai^est, e. g., when erect in the warm bath. 
■ Vidt Dissection* of Mcrbid Bodiiw (No. 6). 



I [Sw Ihe more nutnre iwiirlusiODi of the auLhor on Ihia subject, in hie work 
■ On the Animal Bcoaomj.' pp, 2l>-29,] 

> [Bm Animal Ecauomy. p. 32. and Note,] 

■ [Hunt. I'rep. No. 3M9, Bee Animal Boonam;, p. 30, vhere Hunter stalaa that 
in B horae jurt killMl Iha calk of the oTmiioiu itructore 'contract upon being itunu- 
latoa.-] 



IVO onrFSATioit. 

On th« eontmy, wbea the bcNij is cnld, and vim tike pens i 
poKd to cold, it 4oa nut eireQ to tlu bu« that it does n the 

In both these conca it is eijoallT rigid, and is not capable at t 
distention. It ia vcU known th&t eold applied to the ddn 1 
Rtimultu to the miisole* of ihe bod;', and of courae to [ttuwe < 
]<«nj«: HO that it ia not capable of its full distention [under the inJ 
offoWJ. 

(y tAf different Kind* of Female Pm-tM of Gtiieralion, 
calif d ' Ovaria.' 

The flret kind includca thuso where tlio ovaria esiirt in the iinimpreg- 
natMl state ' -, and the onlj diffurcncc between that state and the impr%- 
niitod one, ia the increase of the Miie uf aume part of these oraria. 
Probably the only part which eonstitutes the ovum in the unimpn:^' 
nKt«d state, l», in tnrd*', the part which fonns the cieatriuula in the in- 
creaaed Htute. and that the increase is dnc to the addition uf the yuOc only. 
The (Ham culled amphibia', and the t^lasa of iuhce called cartilaginoiui*, 
nlao present Uuh kind of uvaria. All that cxemplifr this kind have the 
oriiluet, whii^h I believe adds to the egg a second port, vii. the ol- 
btrnien, so that the c^gn of such are, 1 believe, alwap composed of two 
part-K. 

The Nccond kind includes those whiuh hart^ no ovarin in the unim- 
pregijuted stale, and where there is a new crention every time they ant 
prejukring or prepared for propagation, so that the whole body nf 
thn ovnn'iiTn is removed ench time they do propagate. Thesi.' have no 
oviduct ; and it is probable from this eircumfitancc thnt the ova nro 
only iiompnaml of one suiiatunco : such I believe is the case with all the 
pectinated gill-fiiih. nr Ihneui which have muh'. 

Tho third kind would apiteor to lie a mixture of both, pnrtukini^ of 
the first from their luiving nriducts; and of Uie second, &<im their 
httviuB no uvuria in the unini[iro|;DHtcd Mliite. Tlie ova iire, Ihcrcforo, 
ewUri'ly formed ut the proper seasons, as in the seeond, bm differ in 
n*pcct to situation ; for here they are formed in the oriduct« thuni- 
•elvea. 'ITic nunibi<r of those ducta is increiiscd in many, so us to allow 
for the proper nnmber of eggs, while in otliers there are only two ducts. 

' [Or nther 'unnciled' Hale; Lhe onty of tha liird iniutnB ill full aiie withoiil 
Miy imprvgnMlon.] 
» (Hunt Prep.. Nw, 2rJ«, 2730, 3380.) 

» [lb. No., •m>^'2TM.] I* lb. Son- anw-iMw.] 

• llli. N(«. LWMl (&■]), 2(101, 2Cifi2(Siaraeti). Ac,, 3i3<13-3674.1 
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Of tho Bret of this clojjs is the nmlli ' luid butterfly ; of Iho swMud, the 
liBclJi?'. The atnitturt* of suth eggs I have not yet iistcrtftinfd. 
0/ Ihe Otiducts. 

All oviparous aniraiJs' hnvc one or two oviducts. Fowls liavo one. 
The ftmphibift and liziird-kinA liiivotwro. These have nothing like h ulenia 
or a vagiua. and hiive a conunon pussago to the oriducta and rcctiun. 

Oviparitj- belongs to tho inferior order of animals, both us to jMiwcrs 
or principle, and an to nze. 

0/ t/ie Fallopian Tubes. 

It we consider the use of the fallopian tube in aniiniijs, where its use 
is voiy erident, and then apply that one to where it h not so self- 
erideiit, we ahnll be led, in some mcasu'e, to infer the (some use to it in 
tliem uhto, although, porhajw, not to the same extent of mc. All tho 
vivipiirous tiasses have them, Uany of tho oviparoiia have them, and 
many are without thorn. It is in tho oviparous that wo ore to examine 
their uwe, anil tlion apply that to the nriparouB", 
Double Uterus. 

Many ftnimRla have two nteri, ri«. tho rabbit', a particular kind uf 
hog called the ' peccori,' ' Lc Cabiai',' Jic. 

0/ Ike Uterus. 

Tho operations of the utenia, when impregnated, do not go on in all 
parts of that viscUK at the sumo time, but only where the fwtue is. For 
example, tho increase of si/.o of vessels, the alteration in the structuio 
ot the uterus itftell', both of which ajipear to depend on the increase of 
tho size of the uterus, do not take plaee save ot those parts which are 
diHtondcd by the increaaed growth of the fuitus'. 

Tho woman who died at the London Hospital in consdiucnce of a 

' [Nob. 'DitH-'JIitK). I lure dracribed ilie Lube* when- the ova btb developed, u 
the -0™™,' agrewibly willi Iho ucwpud determinBtion of thuir nature. —Phyaolo- 
giraJ Catalogue, 4lo, vol. i». p- 1 H.] 

" [Ib.Not2MI-2G*3 (-«(/"&"««), 2ft4-lri(S™'V./p*4] 

' [See p. 34. where Hunter deflnsa hi* proper ' oiiparoun' oUbhs, oxeluding the 
roe-fiih.] 

* [The ' fnllopuin tuln-a' in maramale are homologoui with tlie mnjor part of the 
' ociihids' in ociparoiu Vertebnita poaaeesing then). Thcj truuimt the orsrian 
OFiim, and add malerinl to il.] 

« [Huut. Prep^ No«. ^743, 27«.] 

• [lb. No. 27i>l : Ihe prcpantion i» of the Agufi (Oiuyprorfa) ; the Jto. incliidw 
the Martupialm. lb. Soi. L>73o-274l.] 

' llTiij is best exempliflnl in the long divided litenu of rodent and other quadru- 
pnU. »Hv Hum. Pn^pa. Nu>. 34(<0, 3470.] 




bubonocele, and who had the ovaria, fallopian tnhe, &c. in the hernial aoc, 
had aiao a tumonr in the eubatoncf of the uterofi at its fundus; but very 
probably this substance grew on the inside of the fundus. It was about 
as large aa a sraall fiEtus's head, and did not affect the lateral parts nor 
' c«rvii' of the uterus. But what waa moat remarkable was, that the 
enbstanc« of the uterus van not diminiahed in thickness where it was 
estended by the tumour, but, when cut into, presented the appearance 
of B pregnant ut«rus of corresponding size, viz. the same thickness and 
softness of toxture ; the veins forming what are called ' sinuses,' 
which cause the softness of texture and the lamellated appearance. 
The parts of the uterus cot concerned in this tumour were of the usual 
texture^. She died in the time of her menses, which were confined to 
the cavity of the uterus. 

The 8120 of the nerves of the uterus do not alter in impregnation. 

Of the Round Ligaments. 

Those of a mare had plainly red muscular fibres passing up from the 
[abdominal] ring along them, exactly nmilar to the cremaster in qua- 
drupeds where the testes have not come down, or in those where they 
never come down (as ia sometimes the case in sheep). The round 
ligament is an inverted cremastor ; and in the female would seem to be 
something analogous to the nipple in man, viz. on imitation of tho 
opposite sex. 

Vagina. 

All viviparoua animals, excepting the ' viviparmi* e.v ovo,'' i. e. the 
viper, and perhaps tho piked dog-fisli, have a vagina', which is placed 
in the middle of the body, before the rectum, and has one or two 
Uterusos at the farther end of it. 

The veins of the parts of generation in the female increase to an 
immense size when impregnated. 

The veins of tho t«stea of the skate-kind also increase very much at 
the season of copulation. In tho female skate the veins of the ovarium 
and fallopian tubes [oviducts], and of the glandular bodieti, are so eiilai^cd 
OS to surround them like collnlar membrane. 

Of the Pudenda. 
The skin of the pudenda grows redder and redder to the years of 
puberty, and seems to have little or no rete mueoeum. When a woman 
• KW« PrepsMtion. [Qiuare: Whrre?— Wh. Clift.] 

■ [Tli« homolo^ua port, in Marmpialia. u diTided or doubla, tlk« Uw iiWruAj 
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in with child these piirts grow dai-ker, even darker than the other skin, 
like thy nipple : wliich colour docs not lermmate nt once, bat is gradually 
lost. This darkness extends to tho ' nyniphie ' trnd ■ caruneulse myrti- 
foimes,* In a woman the nlvn ia before the roctiim ; in u hen it is on 
one ^de ; in the lij-ard, &c. it in on both sides ; in tho shark, skate, &t, 
it b above, or rather behind, tho rectum'. 

The clitoria in all animals is similar to tho end of the penia of the 
mule of the same spt'cit*. 

On the Sowce of the Menses. 

A yonng woman died at St. George's Hospital. There was some 
blood oodng out at the vagina : therefore I Buspeet«d that Bhe had died 
while the menses were upon her. I took out all the parts and injected 
them. The parts beoame mure red than eonunon : the fallopian tubes, 
the outside of tliu aturus, the inaide, and the vn^na, were loaded with 
injection. In the cavity of the uterus was found extravai^ated injection ; 
and on the inner surface there were dots of injection, as if swelled 
out at the end or opening of a vessel, just ready to drop off. 

On Copulation. 

Frequent copulation soems to be the most violent diKchoige thut can 
attend an animaJ ; yet the quantity discharged is very inconsiderable. 
It is nothin;; to the discharge of a blister, a sore, a pui^, a cold, or a 
bleeding: yet it shall relax and weaken more than any other. In 
expUnatioit of this, it is supposed that the most balsamic port is lost to 
the constitution ; but this is mere conjcctttre, arising from a notion that 
the fluid must be vciy fine that can form on animal ; but surely, when 
thiit animal is formed, it is not a bit more ' balsamic ' than tho parents 
it sprung from ; and wo cannot snppotjc that it becomes less balsamic in 
course of being formed. I believe the truth is, that the semen diSera 
voty little from common mueiis ; it may have something more of the 
volatile suits in it. as it is the only juice that has any degree of smcU 
when newly secreted. What I should suppose is tho cause of this effect 
of copulation, is the spasm produced for the discharge of the mueua 
setTctcd. Spasms of all sorts weaken much ; the cold fit of an aguo 
weakens as much as anything we know of; and fainting fits relax tho 
system so much as ta take off the violent constriction of a fever. 
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The great weakness arising immodiately upon the ejecting of the 
semen does not arise from the evacuation of the fluid out of the ciroiilii- 
tion, but from the universal spasm produced; for like all fainting fits 
it produces sleep ; and in many it is so great as actually to produc* 
actual fainting, especially in men of irritable habits. Indeed, before 
this spasm comes on, the semen is secreted; therefore the constitution 
is already deprived of it ; and the some spasm happens ivhcji there is no 
secretion, as in many who have been using venery too freijucntly. 
Periiaps the [final] reason of this spasm weakening so much, ia to 
prevent the testes irom secreting till the constitution is again restored, 
and also to carry off the universal stimulus when it is not lessened nor 
carried off by the secretion, but rattier frightened by it. All this is 
&om a design to limit veneiy ; for, as the pleasures arising tram such 
practices are too great to be checked by reason, it was necessary that a 
stop should lie put to tlie desires, and that a want of desire should put 
a stop to the secretion ; for this stimulus is not simply taken off by tlie 
spasm, but the whole animal is considerably weakened. 

It would appear that the female ia not so desirous for copulation as 
the male. We find in most animals, if not in all, that the male always 
courts the female ; that she requires being courted to give her desires, 
otherwise she would not have them ao often. Lord Clive's Mbra is k 
strong proof of this. When she was in heat they brought a common 
male ass to hor, hut she would not admit his addresses. Lord Clive 
ordered that the male ass should be painted similar to the female zebra ; 
and this being done, she received him veiy readily. In this cunoaa 
fact we have instinr.t oxci(<id by mere colour ; for we cannot suppose 
that alio reasoned or judged of the male from herself, as she never could 
have seen herself so peri'ectly. Colour had so strong an effect in the 
present case, as to get the better of everj-thing else. But the male did 
not require this ; [she] being an animal somewhat similar to himself, 
was sufficient to rouse him. 

My brown cow generally wanted the hull every three weeks when 
she was not allowed to take him. Sir John Chetwode told me that 
cows well kept, if not with calf, would take the hull every three weeks, 

My cow at ' Earl's Court' ' had some blood come from the vagina ; 
we suspected she was not well ; but a day or two after she t«ok the bull. 

Another cow at Earl's Court took the bull several times, but did not 
conceive. The distance between each time was about three months, 
but not regularly so. I intended to dispose of her, but ga^e orders 
always to give her die bull till I could dispose of her. After bcdng at 



' [Hunwr'a roiiiitrjt midcim. Bt Broni|iloii.] 
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the bull the last time, she fell off her milli the day following, and there 
was a change in the milk. I snBpe<:ted that some change was going on 
in tie constitutiun, and therefore kept her. For five months wo could 
not tell whether ahe was with calf or not ; but she had not taken the 
bull all this time. Before the sixth month she proved with calf. 

A she aniiaal that has more than one young one at a time, as, e. g., a 
goat, iiv., can be impregnated by more than one niale. I had a she 
goat that had, at one time, two young ones to two fathers. The futhera 
were very different sorts of goats : one was very targe, rough, white, 
and had lai^ homa ; the other was small, nimonth, black and grey, and 
had no hom«. 'fhe young ones the aamo [showed rtfflpectively the same 
differences] . 

Case of SuperffElation in a Neffio iVuman. 

"Dr, H. Allen of Bardadocs, now of Hatton Garden, gave me the 
following account of a case which happened to a negro woman belonging 
to the estate of Mr. Mapp, a practitioner in medicine in Barbadoes (and 
Dr. Allen's father-in-law), about the year 1750. A negro woman 
went the full period, and w-ja delivered of twins, one black and the other 
a mulatto. .She had cohabited with a black man commonly, and had 
received the embraceB of a white man on the estate oocaflionaily. Dr. 
H. Allen did not see the children, both of whom were dead when he 
arrived in the island ; neither can he recollect whether tfaoy said they 
were male or female. But he has no reason whatever to doubt the feet, 
which is besides remembered by his wife.— N. Ij." 

(I^iceater Si|uare, 1784. "Twins bom, one black, tie other white.") 
John Hcntm'. 

I saw a male gold-fiah in pursuit of a female carp ; therefore very 
probably they would breed. 

I have seen two flies in copulation some hours ; they will allow them- 
selvee to lie drowned before they will separate. 

Motion ' in Ulero ' of Human Fcelus, 
The human fcetua ha^ probably more motion in the uterus than that 
of any other animal : the single circumstance of the greater length of 
the navel-Btring would give that idea. But in many ftetuacs, if not in 
all, it would appear that they cannot even turn, the width of the bom 
of the uterus [in (jundrupedBJ cot admitting of it; this at least is the 
case with the horns of the uterus of a sow. 

The circulfition of a foetus ia somewhat similai' to that of the Am- 
phibia, a mixture of the two circulations. There is more blood (in 
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projwrtion) possing through tlic liver nf a foatiLS Ihiin tliroiigh thiit nf 
the adult : this is also aimilar to the Amphihia. 

Modes of Maternal and Fielal Communication. 

It would seem that the cominvinication between the mother and tliP 
fcctus ia carried on in two waj-s, and in the two combined. In the 
hunnn subject it ia entirely by extravasation ' ; in the mare and sow by 
apposition of vcshcIb ; and in the bitch and cot by both wayn combined. 

When a calf is about half the size of a mouse, tbe membrane [chorion] 
on which the cotyledons are placed, paasea through the whole bom of 
the uterus, or lines the whole. Where the embryo is situated the co^- 
ledois are pretty well formed or risen, and as the membrane recedoB 
from this they are fuinter and fainter ; and towards the two ends they 
are not observable. The external membrane on which the cotyledons 
ore formed is spongy, and would sppear to act like n cotyledon. This 
[membrane] is lined evcrywbero hy a thin merabraiie [allantois], which 
is slightly attached to it : this [nllantoic] ling is above half-full of water 
[serum]. The fuetus lies in a circumscribed bag [amnios] about tour 
times its own size, filled with wafer, and sli^tly adhering cictemany 
to the inxidc of the former. The chord goes out and appears to per- 
fonite the proper bag [amnios], as also the lining [allantois], and 
divides into two jxirtions : one runs along the spongy chorion towards 
one end, the other towards the other end'. 

0/ the Situation of the Falus and Membriwes what there is but one 
in the two-horned Uterus. 
In a sheep tliat had one lamb in the utems, it wiut in one of the 
bums. I obserred two spon^ parts in the ovarium of that side, and 
that the mcrabnujea passed into the other horn, and were tliero ottoohod 
to tl)e cotyledons as in the same side where the foetus was*. 

Experimenta on Sows. 
December 24th, 1781. — In a sow which took the boar on Tncvdoy 
and was killed the Thorsduy sennight foUowing, in tlic morning, which 

' (By th? maknul blood pHHinginlo cavities vhirh hate losttJiofonDof vsMela^ 
uid form the 'unuses' tnatitionod nt p, 1112. Set Animal Eoonomj. pp, 60-70] 

> [Hunt. Prep*. Koe. 3499, 3AUI). 3001 .] 

' [Tlic Mprnmenta on cwei to determine lhepffi>i7l»orimprBj;nation on t]i« own*. 
are printed in th* PliyMoIogiiail Cutalogiuv toI, t, p, \^), from > nopj at tiu> MS. 
mpplied to me by Mr. CUft, vliltiri I wa« enga^pd In dmribing the UantFrian prv- 
panilion*. No*. 3481-349fi, ITie ovarian otutn. of whkh Hunter oppcori ki liaru 
been in quust, bring pi'tluuid. luluiirliw. and iiuii'li iitiin- niiiigUi lluin Ih< anCidpntrd, 
iMiilvil Ills iihivnation t 
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was about Ion days al'tcr, the glands of the ovarium [oviaacs or Graafian 
vesicles] were swelled a little, and, whea cut into, contained coagulated 
blood. Some of them contained pieces bigger than a cherry-stone, others 
were less. The home o( the uteruiS seemed preparing for the ova, being 
divided into partitions by a tightnese or Mtricture, but of nnoqnal lengths, 
some being as long again as others ; and those dimioae corresponded 
with the number of ghmds in one [the ovarium of that] side, being 
eleven in number ; [those of] the other side could not be cuunted, owing 
to its being opened later, by which means the parts were not so distinct. 

A sow that had taken the boar, April the , was killed April , 
viz. days after. 

[The dates are lust ; however, it is not material ; it shows the progress 
and diifereiiee in the same animal, some being further advanced than 
others. — }. H.] 

The following appeai-anccs were observed : — The ovarium of the right 
«de was larger than that of the left. There appeared several ovu 
[ovisacs] that were more vascular and larger than the others. These 
were eleven in number, each of which had a part projecting like a 
nipple, which was more evident in some than in others. The remaining 
number hod this appearance beginning to take place ; the other ova 
[ovisacs] were smaller, of a yellowish white, harder and firmer in con- 
sistence. When cut into, they ap|>eared of tlie same colour [throughout] 
their whole HubHtance. 

One of the cloven [oviaacs] sppean^d as if it hud burst, ftTiea cut 
into, it had an irregular appeoraace of a cavity, in which there was 
extruvawted coagulated blood, Ud cutting into the other ova [ovisacs] 
which seemed impregnated (vii, those which had the projecting appear- 
ance), they seemed to be taking on more the aitpearance of a cavity ; 
which in some of them contained a yellowish serum, in others coagu- 
lated blood, but of irregular form, like extravasation into the substance. 
This was much more iu some than in others. 

In the other [ovisacs] that had not the above projection, their cavities 
appeoi'ed more cireumscrilted and perfect ; their inner surfaces were veiy 
vascular with partial exudations of coagulated blood, and they contained 
a serum. The left ovarium had seven of the ova [ovisacs] of a red 
colour, four of which had a projection. One of them seemed ready to 
burst ; and in cutting into its substance, one cavity, whose surface was 
vascular, was covered with coagulated blood, and contained also serum. 
The othci' throe wore not so much advanced ; but all cont^nod coagu- 
lated blood, which might bo aeparuted from all sides of the cavity'. 

ina ncToM, or calling 
it {iivbably d(4truvod, 
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In the iiturus oi' a how sixteen da^a gone, the fcetue was formed, unrl 
its purse-shaped membraae [chorion and allantois] was above a foot 
long in some. This membrane, irith the fiPtUB nearly in the middle 
between each end, occupied newly the whole length of the c«vity of the 
uterus, like a tapo-worm in the inteetinee. Through the whole course 
of the utorua was a white mncus almost Uko cream ; and where the 
footus lay, this was most in quantity'. 

In two other sows that were only allowed to go ten day«. 1 could not 
[>baerve any change whatever, and there was none of the mucus to be 
found in either nterus. 

The connexion between the outer covering of a [fcetul] pig and the 
ut«rU8 appears to be only one of contact ; for they sepanite with as much 
ca«e aa any two wet substnncoa can do that have no connexion but 
that of having luin together. Upon close examination, there appears not 
to be the least violence committed upon separation. The inside of the 
itteruB is thrown into circular rugie, and ao ia the external surface of 
the outer membrane of the feetus, which iippeurs to confine the mem- 
branes in their situation. 

There are on the outer surface of the external membrane of the feetua 
a vast number of smaU circular spots, which are rather whiter or paler 
(from being thicker) than the parts of the same membrane, with d 
darker centre. These spots do not appear to be more vascular upon in- 
jecting, than any other part of the same membrnne'. 

In the y«ar 1777 I spayed a young sow of one ovarium only. When 
she wna of age, I gave her the boar, and she brought forth six pigs. 
The second time she had eight (T slit her cnr to know her) ; the third 
litter was only six ; the fourth litter of ten ; the fifth litter, March 
1782, she had ton ; the sixth litter, September 1782, she had nine pigs. 
In this instance she Itad been served with the wild boar ; five of the 
nine were Hke the father, three like the mother, and one like neither. 

The sister of the above sow. although not spayed, did not take the boor 
so early as the spayed one did. Tnien she did so, I only allowed the 
boar to serve her once (aa was also the case with her spayed sister). 
This was with a view to aee if once was sufficient to impregnate several 



Mid ill content* 011I7 obaerred, wliiuh might have been the 'lenim' tlial Iluntw 
mentions. lUd the piterior covering of the miunniiUtu7 emiiicniwbrcncirrfullj 
•crtielieii opan, the omrrin o»iim niighl horc been dctodcd uid renioTud entir*.] 

' in.int.Prep». No#.,3.',3S-a.'>41,) 

' [Whm Ihe rrini Mid «rteriee ami injrctcd with dirtiiH-l ooloiirs, iim venouii 
(j«|iil1iiri«» Torra pleiulM in the tentn of moIi of Uw cirrulu upot^ B» tbo Prep. 
No. 3511 A, prcsenUd by ProfotKir Bwbriclit, of Ct^)m}ing«i, lliediicovnvr of Ihi* 
nnageaivut.) 
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ova, and ahe brought forth nine pigs, being three more than her tdster'n 
firet litter. The seconil time ahe had onJy six pigs, being two fowerthan 
her Bpftj-ed siatpr. The third time ahe hiid eight ; the fourth litter, 
December 1761, waa of thirteen pigs; the fifth litter, June 18th, 1782, was 
often pigs ; the aixlli litter, Decembtir 6th, 1782i was of alstecn pigs'. 



Exp^imeni o 



n Ass. 



On Friday, the 2nd of October, 1789, the asa tflok the male, nnd I 
killed her on the Tueadny following, about seven in the morning, 
making in all what ia called four days, but only ninoty-two hourg, The 
uterus was immediately taken out, and it was obeerred that one ovariiuu 
waa muoh larger than the other. It was injected on both aides, and by 
both veins and arteries. When injected, the increased ovarium was 
much redder than the other, as also was the horn of the uterus on that 
udo. 1 cut through the small ovarium fii'st, to see if it led to the 
better exposing of the other whith was in a line. 

I then slowly divided the other, in which I cut acroas several smalt 
hydatids [ovisacs ?], but I tamo to a glandular substance diatinut from 
the surrounding parts in straeture : and, dividing that, along with the 
other parts. I came to a kind of cavity in which there seemed to be a 
kind of tine and loose cellular membrane, in the centre of wliich was a 
small rounded body, which was a httlc bug ; for in dividing this part, I 
had cut off a little of the side of the bag, into which bole a small 
giubulc of air hud entered. ^Vithin this was an oblong body, which, 
when taken out, looked like a httle coagulable lymph. 

The secondines of a mare and an ass are the same. The urachus in 
the fcetus of a mare and in that of an ass is a small canal, which passes 
along the [umbilical] cord, and opens [into the sJlantois] between the 
amnios and chorion, which membranes do not adhere anywhere; aothat 
the urine must lie between those two membranes. 



"ON THE PEOGBESS AND PECULIARITIES OF THE CHICK. ' 

Of the Effg of the Bird. 

To understand the progress of incubation, it is necceaary we should 

first onderetand the anatomy or structure of an egg ; and as it is in 

' [See Aniuml Eooaomy. p. 50. for further eiperimeDteontheefreotofextirpaling 
one ovuriuDi on Ibe number of young produced.] 

■ (Tliis M8. hu bnm printed, with uiy snuoUtioiu, in the ctmclitding volume of 
U]« ' Pbynologiisl Cntalogue.' 4U). 1840. Tlie driginnl wu not taken ponesaion of 
bj llame, in 1790, and remains in the Archives of ihe RcjiJ CoDi'gc of Surgwini.] 
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the Bird we are here dcflcribing. it ia only neccsparj to imdorsland thu 
structure of the egg of that ordfT of animiUB. 

ITic mass of an egg is composed ff two part«, the oronge-culonroil 
part, called the yolk, and the tranHpiirent snironndiiig part, called tjtc 
' white' or ' albumen :' but thv^ term is only applied to its taming white 
uiKm coagulation ; but ns it has all the chnraL-terB of a mucus clllIi^d 
slime, I ehalt call it the slime. The yolk is a portion of the ovaria, or 
fanned by it ; which id what I shall flrat coiwider. 

The onrnnm in the Bird is in one of two states : one is the quiet or 
[unexcited] state ; the other is the state for impregnation. In the first 
the ova are small, like millel-sced, composed of a little hog filled witli 
a yolk in miniature. They are formed in a cluster in the loins of the 
Bird, upon the vena cura, bs if formed upon it or growing out from it, 
so a« to be inseparable. These small bodies are of different colours in 
different birds, and sometimes different in the same bird. As the consti- 
tution is changing towards propogation, these little bodies begin to swell, 
Iiy becoming fuller of tho matter of the yolk. Some advance faster than 
the others, in a kind of regular gradation, forming regular series. As 
they advance they become attached by a neck, which is small and pretty 
long in some. Their capsule becomes eatrcmcly vascular, more espc- 
cifllly tho veins, which run from the nock as a centre, and spread in a 
radiated form on the membrane, and thr^n, as it were, ctinvergi' on the 
upposito side. When nearly amrcd at full si/o, an oblong port of tho 
capsule becomes very thin, and the yolk can be seen through it. This 
given way and it opens, through which the yolk makes iu cHeapo. At 
this very period we must suppose that tho mouth of the oviduct is so 
placed as to catch it. along which it possPB. 

The yolk is iu the centre of the slime, seen through it, as it were 
Mwimnjing in it. It is round, and is lighter, in the whole, in weight than 
the slime, so that it always rises towards the npper side of the egg j but 
it 18 not in equal weight in itself through the whole, one side iieing 
lighter than the other, which side always keeps uppermost, let the egg 
be ever so often turned ; like the needle to the pole, let the com{iaBS be 
ever eo often turned, tlie point of the needle keeps to the pole. On this 
mdc is tho <!icatricula, in which the chick is fonued : Iherefore it Is 
alwoys neuiwt the heat of tlie mother, although the eliick is of more 
condensed mati'rialH, and lliercfore one would suppose it would destroy 
this quality on this side of the yolk ; yet we find it does not, for this 
side keeps up|icrmost till Ihc chick almost tills tho whole space or shell, 
and therefore cannot turn, and now it is not neeessaiy it should. It 
[ the yolk ) in of the consistence of thick cjeam. and is cosgululile Willi 
iient, solutions of alum, altnhol. [■..■ilaivl, Ac. 
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At each end* of tho yolk, towards the long axis of the egg, we tnaj 
observe u white subHlance going out, about the size of a white thread, 
which does not come out at onisc. bnt a« if its uttai;hnient was spread on 
the yolk, or that it wna tho nicTnliranp of the yolt contracting and 
sending out the cord. It passes townrds the end of the egfr, and appears 
to be increasing in size, more looso in texture, aa if gradually disaolving 
and swelling, aud towards its tormination it looks Uke a cloud, or white 
ftimes in the nir. These two threads are the asea on which tho j-olk 
turuM, and keep its lighteat side always uppermost. Aa the most di- 
stinet part or terrain ati ohm of these threads do not turn «-ith the yolk, 
the thread, or that end which is nearest to the yolk, must twist when 
the egg is timiod ; and if the egg is turned oft^'ner in one way than what 
tho threads can twist, thon the yolk must turn round with the egg ; but 
as it is not likely this can ever happen in any natural process, no such 



On one side of the yolk is a lighter spot than any of the other, 
which is called the ' eiwitricula ;" in this is the chick formed ; but before 
incubation no traces of the embryo can be discovered, tliere being no 
ditfiTunce between this part that is impregnated, and one not impreg- 
nated'. 

'Ihe ' slime' is a Secretion from the oviduett, and is collected by the 
yoli in its passage along this duct, in its way to the shell -forming part, 
by which moans it surrounds this yolk everywhere, but mostly at tho 
two ends, as the egg is of an elliptieBl form : and here it appears to 
adhere to the inner membrane more than anywhere else, probably in 
some measure connected ■with the two ends above described. It is 
transparent, having a slight linge of a yellow in it. Ila attraction of 
ooheaion is such, as allows it to have its figure very much altered, and 
recovering itself somewhat like an elastic body; therefore not a fluid 
whose parts uan be moved on each other, and always keep tho place 
they are moved into. It uoagulates into a white substance, which 
appears to be lamellated. 

• I «i1] Uiese ' eodn ' became tliej are lowarda the long axis of the egg, 
t Binta have but one oviduct when gronm up. althaugh two are originBlJy tomu-d ; 
but it is liiB leit only tlut renuuai. lu my maidmi PropBration ' there wis oiie on 
die riglit tide, but it was ■ kind of dwarf one. This duct is throKii into oonnder- 
■ble convolutioQf (therefore mucli longer than nhal wag oalj nnwiuttr; for a duL<t). 
having a meso-oviduet. It nrny be uid to loiinet of Ave parts, wliich nrc in Hime 
degrw ihlPepent in WrufturB. Tlie Bret niaj be called thu moutli or Uinbria, which 
it u) oblique opening looking [like] a tlit. 

' [Thia aimiliinty eaa only be uudvral«od u referring to the absence uf rieible 
traces of till- piTibrjo-l 
' IPniliablj No, 2731.) 
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These two parts [the yolk aad white] are eoclosed in a pretty large 
opoki- membrane, which is lamellated, for it van. be divided and subdi- 
vided into o number of layers ; but it would seem to be divided into 
two, the innermost the thinner. At the great end thia membraae is 
separated into two laminte ; the outer, or thut next to the ahell, oon- 
tioues to line the shell ; but the inner pa»«eB ultoss, leaving a epacs 
between the two of about tbiee- eighths of an inch in diameter, and u 
concave on that side next to the slime ; though not so mucli as the 
outer one on the side nest the shell. This space is Med with air. 
Over the whole is the shell, eoraposed of calcareoiw earth, about half a 
line in thickness, the outer surface of which has a vast number of 
indentations on it, as it were, looking porous. It appears to have no 
regular construction ; it does not look like cryatullizatiun, as in the 
FDamel of the teeth. The colour of the shell in the common fowl is 
generally white, but in some it is brown, as in the Chittagong fowl. 
This shell gives the whole a firmness which defends its contents. It 
certainly admits air to pass both it and the membrane. 

The egg, which is the produce of the female, or of the female parts 
in the hermaphrodite, is to be considered in two lights. In one it is to 
be considered as the uterus, and in the other us tlie brcnst. The slime 
is the uterine part, inteniled for the support of the ctiiek while in-it» 
uterus or egg; and the yolk sujiports it for some days after being 
hatched, in place of milk, although for a much shorter time ; so that 
the oviparous animal collects the whole necessary nourishment, and 
throws it out at once ; while the viviparous retains the rudiments of 
the young, and iumishcs it nourishment as it is wanted. 

We have reason to suppose that the sUme comes nearest to the 
nature of blood of any animal substance we know ; and we know it is 
alive, therefore not necessary to imdcrgo any change to have this effect 
produced ; for it is only the absoriition of lining parts, therefore is 
capable of composing the animal without having undergone the act of 
digostion ; and in this alone it undergoes but little alteration, as it 
composes the whole parts without much loss ; for an egg. through tho 
whole process of incubation, only loses .... grains', and as that would 
produce a vacuum somewhere in the egg, — more especially as the parts 
formed are more solid than tho parts which composed them, — therefore 
it is reasonable to supiKwo they would occupy a smaller space. But it 
would appear that the cavity at tho thick end of the egg, between the 

' [Acvording to Dr. Pniul. thv loaa or WKtght in thn egg of the mmmon fowl 
during imnibation, ateseds b; sbout eiglil time* UmI whioh ih« i^ aiulsiiin b; ordi- 
Turj keeping: thit latMr Iom it tt the rate of kboul nine {cniiu tbiitj for a mriain 
pariod.-Phil. Trust. 1S22, p. 377.] 
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two membranes, was intended as a uouuterpoise for tbia loss ; for as 
the cbick grows, and of course tbe whole loses in weight, as also in 
KM, this air-bag swells, by a separation of the two membranes, and 
fills np the space lost. So that this cnvitj- may be said to be in size, 
in proportion to the loss and condensation uf parts which nourished the 
chick ; and this is one of tbe purposes answered by it. 

As tbe whole rolume of the ehick and contents of the egg dimtniiih 
both in size and weight, it is necessary there should be a provision 
for tbe first that the space might be filled ; for this there is a provision 
by means of the air-cell at the thick end, which, in the unineubated 
egg, is extremely small, but increases as the contents of the egg 
decrease ; and this increase of the air-cell is efi'ected by a separation of 
the two lamijUG of which the lining or internal membrane is composed. 



Principles governing the Formation of Animals. 

This production of animals out of themselves excites wonder, admira- 
tion, and curiosity ; and this is commonly the cose in effects whose 
immediate causes are so obscure, more especially when we ore ourselves 
both effects and causes of the same. 

The first process set on foot in the foi-mation of an animal is so small, 
without that form which it afterwards gradually takes on, and its 
sitoalion so obscure, that its operation eiuinot be traced but by taking 
it np at stated times, when we find a new part either added or come to 
view, or a degree of perfection having taken place in the part. 

The larger the animal is in any one order, the more perfectly the 
parts arc seen as they rise to view, and, by this, the intermediate steps 
in them arc more within our riew. 

K we were capable of following the prcf;rcss of idcrease of tlie 
number of tbe ports of the most perfect animal, as they first formed in 
eucoession, from the very first to its state of full perfection, we should 
probably be able to compare it with some one of the incomplete 
ftnimals themselves, of every order of animals in the t^reation, being 
at no stage difierent from some of tbe inforior orders, Or, in' other 
words, if we were to take a scries of animals, from the more imperfect 
to the perfect, wo should probably find an imperfect animal, correspond- 
ing with some stage of the most perfect', hat all our observationB 



' [The naif philosophical idea eeema lo havo garcmed Hunter in penning tha 
following pusage : " We may alio obnsrre lliat the Brat rudiments of erer; animal 
are nttremely toft, and oven the rudimenU of Iho more perfect are rimilsr to ths 
full-grown imperfnct, and an Ibej advance in grovth tlic^ become dnner and Gnnor 
in texture."— Croonisn Lcdure for the year 17S2. Animal E«)noray, p. 288.] 
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can only begin at a visiWe slago of formation, prioi- to which wo Eire 
k'fl to conjeeturp. which could only lend us bai'k to still fewor purts ; 
but when the first and necessary parts were first forraed, ns a baaij) to 
put the whole xucceeding ones into action, eo as to increase Ihemsolvea 
and form now purts, is not knomi.nor can it. 

fMogiiifjingJ glawMw lead us back far beyond what the naked eye 
reaches ; but theeo oTily show us the order of priority in the fonnalion 
of parts. Howerer, human wisdom can go no further than into the 
distinction of parbi, with tlieir aetions and uses when formed. 

The mode of the gradual increase of the parts of an animal may be 
conaidcrcd in thrc« views ; one, where it may be supposed that the 
basis of every part of an animal is laid at the very beginning, and that 
its visible perfection ia no more than the parts beginning to gww as 
they uro wonted, but that they were there in embryo'. Another, 
where it may be supposed that at first the parts were formed, but wcro 
no more in number than jnet what were wanted for that state of 
perfection ; and as they eame to a degree of perfection, new paits were 
necessary, and Uioy formed, or formed as they were wanted". And the 
third is, where the porta were there froin the beginning, but that they 
were altered in form, oi'tion. Ac' 80 far as my obscn-utions go, I 
think I can see all the three priaciplw introduced, but probably not in 
the same animal, nor in the same order of animals. 

According to the first, I oan coneeivo there ore, at the voiy beginning, 
parts which continue through life, and such is, probably, the ilaleria 
Vita universalis and the Absorbing System, which may indeed, accord- 
ing to the third principle, be changed. But according to the second, 
as the embryo is moving towards perfection, new parts are formed; 
probably first the brain and heart, with their ajjpcndoges the nerves 
and veasels, and so on of all the other parts of the body, which we do 
not find at first. And we know, according to the third [principle], 
Ihat mfiny parts arc changed in form, adapting their use, arising &om 
that formation, to the addition of parts willi the changes in the ports, 
and this pretty universally. 

Perhaps the flying-inseot is the best example of these obeei-vations. 
This insect hus tlirce modes of life, and of course three stmctuies of 
]iartB. The atnicturo suitable to the first life [ovum] we know little 
about, but the difFcrenco between the second and third we can examine. 
In Iho second life [lar\ii] it appears to have no parts but what are of 
immediate use for the groivth of the animal, und some of them very 



' [Tb« Uieorj' of ■ Eroliirion/] 
* j'riic UiKJTj' of ' Mutniiiwi)'!* 



' [Tlic thoorj of ■ Epigoncai*.' ] 
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ilillbront in t'[>mi from what they am aiWwards, wbile others remain 
the sanw : so thdt in tho insect we huTe. in the second life, parts that 
ViTi' probiibly of use in the first ; we have, at least in tlie aecoad, 
part* that ore of nsc in the third, therefore do not chftnge, such aa tlie 
lintin, nerve*, and cireiilfttiou ' ; but in the third life [pupaj, wo ha\-e 
now parts ontircly, and old oneti ohnnged. The new parts foi-med are, 
the ports of generation', legs, wings, Ac. ic; parts changed ore, tho 
whole of the digestive powers, in ttorac degree the oi^ans of respim- 
tion, and proimbly tho organs of sensation'. Thus in the progress of 
growth, in the more [tcrfect animals, we have new ports arising, change* 
taJcing place in those nlready formed, and old parts lost. 

It mfty bo observed, that the more perfect the ordur of animala is, it 
comes to a larger size at the first-life than those of an infeiior order : 
thus, a new-bom quadruped is nearer to the size of tiu>. parents than a 
bini just hatched, and a bird nearer than a fish, ic. However, there 
are varieties in this respect in the quadruped, for some have several at 
a time, which re^nders thorn smaller. 

From this account we should suppose that a quadruped would he tho 
Ant for investigation ; but as Nature gives to every order of animala a 
mode of reproduction peculiar to itself, we are led to examine this 
pnxM.'ss in those where its opcratious are most easily and certainly come 
at. This must certainly be the case with some of the oviparous, 
although not with all, and according to the above position the £ird 
must be the, beet, and still more so in those that have fewest young in 
number and largest in themselves. 

Without this aid onr knowledge of this subject would have been very 
imperfect, and it would almost appear that this mode of propagation 
was intended for investigation. 

In the ini-estigation of this subject they have commonly had recouiNe 
to the common fowl, as being the most familiar ; hm I found the fintt 
nppwirancea so obscure, from want of siie in tho object, that I hud 
recourse Id the progress of the chick in the egg of tho goose. I 
fittempted tho swan, but it was impossible to procure sucli numbers as 
to give me all the necessary varieties. I endGuvoiu<ed to procure 
ostrich's eggs, by having them sent to me in spirits ; but as the getting 
such was only a matter of chance, and only one or two in tliirtyyeanl 
nothing could be mode out from them. For this purpose, then, I kept 



' [ThMT part* oui onlj' tw a 



mlisltj chiuignd, but tiicijr nrv remark- 



• [Hunt Ptrpt. Km. 302J>-3(I38. ] 

' [Sev Hi^ilitt. Dip Bntirii^kpluTigii-KmtliirhtederSfhiDctWrUngr.uiMoRutch und 
plijiiolagui-li beofbrilM, 1(*I5,| 
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a flock of geese for more than fifteen years, and by depriving them of 
their firat brood in my investigationa, they commonly bred again tlie 

As hours make a difference in the firat days, it beeomes necessary to 
examine in the night as well as in the day ; by which reason, the latter 
brood in the summer is bestadnpted, having then short mghte. 



Of the different Melhaih to be taken to examine the Progress of the 
Chick in incubated Egg». 

The firat thing necessary is the breaking and removing part of the 
shell of the egg, which is to bo begun at tlic upper part. In the 
breaking of the sholl of the egg, when the chick is young, as at twelve, 
twenty -four, or thirty-sis hours, it should not be broken where the chick 
is, that is, not at the very upper part, Ijiit a little way from it, and 
break it round this most prominent part for tlie breadth of a shilling : 
this is with a view to aroid the sharp comer of the shell wounding tlio 
membrane and hurting the first rudiments of the chiik. 'ITipn take off 
the shell, leaving the lining of the eg^ on ; then remove gradually the 
membrane from over the chick. This must be done with great care and 
attention ; it should bo taken off in layere with a pair of forceps. The 
egg so prepared should he put into warm wat«r as high as the chick, 
but not allowed to cover it, as water soon kills it. In thin way it may 
be kept alive some houra. It may be neceesary to remark, fiat, whila 
the heart of the chick acts, the blood keeps red : but as soon as it 
ceases to act, the blood becomes almost immediately pale, and soon loses 
ita red colour i therefore it is necessary to keep the (uiimol aUve an long 
as possible*. When it is examined HuBiciently in this state, then, to 
see the body of the animal still better, the membrane should he cut all 
round beyond the fcetal circle, and the whole taken off under water ; 
And then have n piece of tbin black ivory to slip under it, and put the 
whole into spirits, which will coagulate the complctetit formed parta, 
and bring them to view upon the black ground. In this way I have 
been able to bring parts distinctly to view that before appeared to b<> 
involved in a cloud ; bJbo we can bring them under a much lnig«r 
magnifier, and bring out parts that neither their situation nor glassta 
oould expoae. 

* VuHou* were m; kttompU to elTiiwl tJiin, but DinsU<r in riin. I conwivnd that 
when I lull jiul eipMod the lilile anunal bj putting it itiu> vatar, betted t« ahoiii 
204 degiepB. juflt oovBrin^ the egg, 1 tniglil k»cp ii alivo byth™erao»i«. ruidobMrre 
in the Hme cWh the wltoln pnignw <tl growth : biil it mem diiK) : thervforr I mi 



DEVELOPMENT OF THE CHICK. 

Mlien lieat is applied to an impregnated egg, the living parte are put 
into motion, and an (^psiiKioii of what is called the oicatricrula takes 
plaw. This very probably begins at the chick ns a centre ; but it 
would appear that thy whiilo did not derive its expaMion immediately 
from the ehicV, for this part would appear to have powers within itsell', 
and the further from the chick these powers ore at an early i>eriod. the 
strongest is this expansion of parts ; for we find ehangee taking place 
in this circle near to the circumference', sooner than near to the chick, 
which afterwards become distlDct vesseU, and commumcat« with the 
meeenteric artery of the chick. The chick begins to take form to 
itself in the midst of this expansion, and as it increases, its influence 
is extended into the surrounding pcirta. 

In the beginning of the formation of the chick, there is great di- 
etinetnesB of ports, for they gradually take place one after another. 

Of the Membranes of the Chick. 

The chick at first, or in ita hour, is totally void of mem- 
brane, only having over it the external membrane of the yolk', which, 
when removed (which is easily done), the animal is perfectly bare'. 

The first formation or expansion of its membranes are in pretty 
quick succession, and tien go on together, some being sooner completed 
than others. The first expansion of parte would appear to he the 
formation of membranes, or changes in membranes naturally belonging 
to the egg. 

The first membrane that ia formed is the membrana viteUi', which 
forms immediately under the proper membrane of the yolk ; so it 
would appear that at this time the yolk had two membranes (but how 
far or^:inally so I do not know), the external, a fine transparent one, 
and the other, more spongy, and having the power of becoming 
TBScnlor. 

As the parts of the chick begin to form, such aa the head and spine, 
viih the medulla spinalis, iic., a proper membrane also be^ns to form, 
to cover it. This membrane ' begins first at the head, and seems to 
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' [The formalion of the halanrt'tm^ blood-laktt in Uie srea nwnilosa i* here 
alludf^ to-] 

' [Tlie mrmbrana ntelli. or cofieula nielli.] 

* [In the einbryo of Ihe cmomoii fowl the unmotic lawrtment begini lo be 
formed at the eighteenth or twentieth hour, but ia cot complelednntil the fourth dn;.) 

* [Tho 'bluloderm' or 'gerrr^nol membrane,' and not the ' membrana ritfili^ of 
modem embrj^tlogiBts.] 

* [The ' «erou8 lajcr' of the genrnnal membrane r it la alio called the 'uiimal 
' <j •onie f mbrfotoglFts : but that the aeroiia Inj-er is (be covering, nnd nat the 
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iirisp from the membrane roimd the head ; and, a» it incrt'usos, it 
gradnaUy coven the upper or exposed surl'uue of Iha beuil, like ri hood : 
then gradnnlly extcnAs itself along the body, covering more and more 
of it towards the tail, huving always a doterminod edge ; and when 
got to the tail, it there closea Dp the onimul entirely, on the uppev aide, 
snd which has only the membrona vitelli upon it, making a circum- 
scribed cavity, in which the chick lies, and which I call the ' amnios.' 
OS being the immediate covering of the chick, compoaing a port of the 
eecondinee or after-birth. 

This membrana Ttt«lli [germinal membrane] would appo&r to have 
formed itself from the intestine ; if 6o, then it was prior to that Jtort 
being visible ; or it might be considered an expansion of, or a proceM 
from, the intestine over the jolk, and under its own proper membrane. 
That part next to tho cliick appears to diWde into several laminie, i>t 
has the power of forming several ; for wc find, by the time the whole 

has formed such and aueh parts, that we can sepai'ate it into 

laminie, wliieh are seen in Plate , figa. '. This membrane ia 

extending itself over tho yolk, expanding itself till its ei^es come Ixyond 
the largest diameter, and now, as it expands in length from the chick, 
it contracts at its edge, and at last onclosco the whole yolk, forming an 
tho opposite side something like a cicatrix, to which the lant part of 
tlie slime adheres. 

Prom this account of the yolk, and this membrane, it might appear 
that this membrane was only at first a covering communicating with 
tho boUy of the chick, preparatory to, or for the entrance of tho yoUc 
into the abdomen just before hatching. But from its structure it would 
appear to have some use while under incubation, for it first become* 
extremely vascular, and on its inside it i^ thrown into rugic', as if an 
increase of inner surface was necossarj-: wherever this membrane 
advances, the yolk becomes fluid, begiiming at first where the mem- 

fmner or (romeirork of [lie orgsiis of tlie animal rundiont of tho cliick. annns 
eviileat from it» pittnidiiifi; brjond l)io»o port*, over the jolk, lo form the hln 
Binniiw; ii oi>1j rorms tlm ciiliclo unit Lheiuumiii of the embryo itwlf. li i» bnauw 
the meubmnc U folded over tlie MibRtaiuv of thp mrdulla ipiiiitii and Tcrlebre, w 
th<w are fonnod, llwt it lix been uiil In lunri Uieni. II wu nnt dwohbnl b; 
Pander, ia lii* mulcrly Thtsls entitled " Di««ri^»tio iiiaWni hiUoriem nietainor- 
phoepo*. qniun onmi inmibstiini priorilnii qiiinitue du>biu suliit." Hto. 1817.) 

' [3m Phfriolo^oU Catitloguc, 4lo. ToL v. &g. 7. plalc l>9. fig. fi. ptst« 70, 
and llie boautjrnl magaiaMl rinr of the diick rcrting ii[K>ti the ;rolk, in pUta 71. 
wlien i. the htouh lajer, U rellKMil from d, tlie tjumiiUt Ujmt wict murau* 
luf m of tile gHTiiiinal inenibrann. or ' Tnt-mbniiB tilolU ' oC Iluiitcr. See abo Uic 
inuoou* Inj'm-, /. tig. b. Jilate 75. reflcctMl fruin ff, Uie vntciiUr lajer uf the iiartnitin] 
membni'ip or vilrllin* •w, in a furthrr-ii^rcUipiid rmbpfo.l 

- |'ra»i»i™',.r nivii«-i 
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brane forms, extending iteelf as tlie memlirftne of the yolk extends, by 
which meann the yolk is rendered fit for puHsing through the duct into 
the intestine, after the thick is hatched ; and it is even not coagulable 
with heat, so that we may know when an egg has been sat upon, when 
boiled, lor the yolk remains a thin and watery fluid. 

As the chick grows, it presses down the middle of the yolk, first 
making a deep indent in it ; and as it increases in length this indent in 
ittcrensed into a groove, which becomes deeper ; and by the time the 
chick is at its full gi'owl.b, the yoUc ia almost divided into two portions, 
between which lies the chick. 

When the chick is eo far advanced as to have most of its parts begun 

to form, snich as the estremities, which is about the hour', 

then begins to form the third membrane, in form of a oircumscribod 
hog, which seems to come out Irom the belly near the onus, full of 
water^. This, by increasing, spreads upon the chick, or over the above 
membrane, and covers them, and as it increases, it covers the whole 
albumen that remain£ ; and, as the iilime diminishes, it becomes also n 
•covering for the yolk ; so the chick, albumen and yolk, are at last 
enclosed by means of this hag; hut as it ts a circumscribed bag in 
itself, these parts are on the outside of its cavity : but. by its fonniug 
a (rircnmscribed bag, in its double eapaeity it may be said to form two 
circumscribed cavities : and it h therefore to he understood that the 
chick is onlyeneloaed between thia bag and the membrane of the yolk, 
and is therefore not ivithin its proper cavity, but upon its outside. 

This cavity, originally arising from the rectum, communicates with 
it by a small duct, and probably is formed upon it, through which 
pasBes the urine ; whence this cavity should be called ' aUantois,' 
although the membrane that forme the CAvity has various uses ; it 
absorbs thn slime as it covers it, and therefore should be called placenta : 
it comes in contact with the shell, and acts as lungs*. 

The urine in the chick is similar to that of the adult, a white slimy 
substance ; that which is in the allantois is firmer in texture, appearing 
like strings of coagulated white of an egg, when tlirown loose into hot 
water. The water which it contained at first appears to he absorbed, 
for none is found towards the last stages of incubation, 

• In animal* thnl hnvc [a urinary) bladder, this duct fomu itwlf inlo that 
cavitj. In the croWMlile iho bladder opens into thu gut, but in (he qiiadrupod Iho 
uradiua opens into or Forme n paesage for itwlf, caU«l urrthrs. 

' [In ths embryo of the rommon fowl the mmmitiM begin to bud about Oie 60th 
' [Se* PhvsioloEi™! CatBlngn.'. 4lo, vol, i. pinic 71 /-] 
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TVhere the atlantob covers the cbick it adheres Ui the ftmnios, making 
but oae thin membrane between them, but it never becomes attached 
to the membrana Intei or vitelli'. As it extends, it would npjtear to 
push from the chick tho remaining slluie towards the opposite side to 
that of the chick, oa it were clearing the yolk of it more and mare, so 
that the dime becomes smaller, and at last lies like an oblong body 
dose and adhering to the cicatrix of tho yolk. 80 fur as thwe mem- 
branes are attached to the membranes of the yolk, they would Bp]>ear 
to detach themselvOB from it by the time it is ready to be absorbed ittto 
the cavity of the abdomen ; for none of the other membraaes are taken 
in with it, and it has no other attachment to the abdomen in any of 
this class of animals. 



Of Hie Use of those Membranes as they arise. 

The formation of the chick seems to be hut little prior to the forma- 
tion of the membrana vitelli [germinal membrane], if at all prior ; for 
among the first appearances is a spreading of the cicatricula, and tbo 
centre would appear to contain n fluid. Tliat the formation of the chick is 
considerably prior to the formation of the other membranes is evident ; 
therefore it might be asked, how the chick is nourished, and other 
functions carried on, till those other membrnUM are formed '? Emppomng 
that they absorb the slime. But the membrana lutei [germinal mem- 
brane] performs this office, at least at this time, and there was a certain 
space of the membrana vitelli [germinal membrane] that had the powers 
of forming vessels and red blood, and which became very vascular. This 
membrane would appear to answer two purposes, one for the purpose of 
the chick, another as a covering to conduct the whole yolk into the 
abdomen. 

That the membrane which I have called ollantois, from its containing 
orinc, answers other important purposes, must appear evident from ita 
extent being far beyond what would answer that purpose. I conceive 
that the side of this bag, which surrounds and is in ountact with the 
albumen, acts as the chorion or placenta, for it must be by this surface 
that the albumen is absorbed, and the chick supported. Tbe external 
part of this bag. which comes in contact with the shell, and as it 
enlarges lines more and more of it, till at last it lines it evoryivlierp, I 
conceive to he the lungs, for it is the only part that comes in contact 
with the air ; and on opening an ^g pretty tar gone, I find thnt tho 
blood in the veins is scarlet, while it is of the modcna colour in tho 



tirteriea of the bag. Beaidoa, it ia much raoro vaxeulai' than any of the 
other meinbranpB, which is just the reverse of what we should imagine, 
if it did not answer that purpose '. 

0/ the Formation of the Parts of the Chick. 

As the parts whicli nrt in both stages differ Tory eonniderahly in 
their structtire, the structure of tho first not being adapted to the 
economy of the second, we have an opportunity of investigating those 
changes which may he said tfl give us tho gradual furmation of parts 
till completed. The heart is the only visible acting part, and the eon- 
struction of that viscus La the very young is not similar to that of the 
fhU-formed. From honeo we can have its formation through its various 
changes. 

The firet parts that are visibly formed may be said to be the brain 
and spina! raan'ow, althoiigh we may conceive the heart and vascular 
system is also formed, suited to such a state, and that it is co-existing, 
but not seen, because transparent, while the brain, &c. is opako, and can 
be rendered much more so ; by which means it becomes still more evident ; 
for if the brain, &c. was transparent, the heart would bo the first visible 
object from its motion, and aftonvorda [from its] becoming reddish. 



• [Tlie TBScukrity of ihe eitenjal fold of the allaQlois. Uis poroBitj of the shell, 
ftnd tbo difference in the colour of the blood psesing froro the chick to the allanloi», 
lo Uist returning from the allantoic (o the chick, give the hi^heat probability to tlie 
opinion expressed in the text of the respinitorj function of the tdlantoiB. and of Ihn 
neccwit}- of access of air lo that membrane through the porea of tlie ahcU. for Ihd 
development of the chick. 

The eiperimeati byBrmaD, commenced in ISIO, and published in the 'Isis* of 
Oken for 1818, vers perfonned with an apparatus bj which the reqidsite heat could 
be applied to t, fertile ctgg io a presumed fscuum. or in an almoephere of artificial 
gu ; but the apparatus being defcrtiie in regard io the luting used to cement the 
bell-^aoa to the brOH-plate employed, Erman'a arguments, that oxjgm vas not 
necowary to incubation, are inoonclusiTe. 

His experiments, repeated by Viborg. with the substitution of a more effectual 
luting, were followed by the opposite result. O^gen was found to be essential to 
development, and atmospheric pressure, afforded by the medium of other gasea, is 
hydrogen and carbonic acid, was followed by no appredsblo change in the dcatricula 
•ubject lo the incubating temperature. 

The requisite poins and precautionfl, which the present adsanesd condition of 
chemial science enables the experimenter to put in practice, appear to have been 
eS'ectiially laieo by Dr. Schwann, who has made the question, " De Necesaitale Aeris 
Atmospherid ad evolutionem Ihilli in Cho incubito," the subject of a moat able and 
valuable inaugural thesis, published ot Berlin in 1834. From which it appears that 
the development of the embryo in the common fowl may go on without oxygen in 
the ordinary ooiirae lo the fifteenth hour, and that the life of the germ is not de- 
■troyed till between ihe twcnly-fourth and thirtieth hour, but that the presence of 
oxygen is eseentiBl lo ftirthrr di'volopmenl.] 



212 aENEBATlOS. 

Tho (inimftl would ajjpeiir to begin at the buck, aa it containg the 
apinal majTow, in whiL'h is to be included the heud, ub it contains the 
brain, and it seoma to build forwards, and the new parts are formed in 
succession ; so there appears to be originally no outline of the whole, 
and the parts to form in it ; therefore every part is formed on the out- 
side of the animal : thus wo see the heart, then the lungs, the inteetiiiu, 
and over the whole the skin of the abdomen, which is not perfected till 
the animal is ready to hatch, and sometiuies not even then. 

As this only relates to the bird, it may be supposed to bcJong to it 
only ; but there is reason to belicTe it is the same in other nni m nl w ; for 
in some monsters, in the (juadruped, we haTe no abdominal pariet«8, 
only the bowels covered by a thin skin, which leads us to conjecture it 
posaiblo that they also are formed without any abdominal parietcs. This 
stat« of defidency of the parict«« of the abdomen has all its dt^rees. 
some much more, others less. 

The chick is formed first on it« back, and then turns on itfi left side ; 
and till this period the heart is not seen, or if it esists it must lie before 
the medulla, which will, from its transparency, render it obscure : for 
in this side view, we see, aa it wore, the profile, and from its lying in a 
transparent fluid, it can be seen moving in it even before there is ony 
red blood '. 

0/ the Blood's Motion in (he Chick. 



The circulation of the blood iu the foetus of the common viviparous 
animals may be divided into two parts : the first is that which puses 
immediately through both sides of the heart with the connexion between 
the arteries of the right and loft side of the heart. The second is that 
which is connected with the membranes for the fcetna's nourishment. 

In the oviparous animals the motion of the blood may bo divided into 
throe ; first, as above, for instance. iU motion immediately througli the 
heart, and the communication between the arteries of the right and left 
side ; the second, as above, viz. the connexion with the membranes for 
nourishment ; and the third (which is probably peculiar to them) ia the 



' [" The red globulM ippeu not to be ■ natural part of tbe blood, bnt, hi it irere, 
compoaed out of it or Domposed in it. and not with it ; for they Kem to bo formed 
latiT in life than t^ otiuv two coneliluenta ; for ve lee wliite tlie chick a in tlie egg 
tlw heart beating, and it then ronUini ■ tnuifpamnt (luiil l>eror« aiij red globules 
ore fomiMl, which fluid we may siippiMD la b* liie (erum and lympli. Whatever 
may be iheir ulilil; in the machina. the red globules «rtainly iv not of ruch 
iiniri!nal lue a* the Magulating lymph, •inm thig' wti not lo be fotinil In all knlmaU 
n'lr n> early in lliow lliat hare tbem."— llnntct. On the Blood and iDllHminalbn. 
Mo 171M. pp. 1,^4(i.) 
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cirtulatdon intothemenibrftiies fortheinfluonce of lur, which membranee 
may be called the footal huigs. 

The vessels of the chick are different from the human, more like [tboM 
ofj the puppj" or kitten, although different from them in somo of their 
Teeaels. The motion of the blood in the chick, in and through the heart, 
is not difforeut lj^>ni [that in] the ijuadrujied ; that is, the commnnica' 
tion between the right side and the left ia the flume, having a foranieii 
orale, but the communication between the two arteries is b littlo 
diffbri'nt, having two ■ eanaica arUriosi' instead of ono. 



Of the peculiar Arteries of the Chick. 

These arteries are three ; the two first, or what may be called a pair, 
and which answer to the umbilical arteries in the quadruped, arise 
from the iliacs, and pass by the sidea of the bones of the pelvis towards 
tlio opening of the abdomen, and when got out of that cavity through 
this opening, ramity on the three membranes above described. The 
third' is a continuation of iho mesenteric artery, and is principally lost 
on the membrana lutei. 



Of I fie Veitts. 

There ore two vente umbilicalcs ; one (which ia the largest) belongs 
to the amnJoB, chcAoa and lungs^. and is similar in its termination to 
the umbilical vein in the quadruped, the trunk of which passes into 
the abdomen, then upwards to the liver, enters between its lobes, and 
opens intothe vena cava inferior, just as it enters the heart. The other' 
belongs to the membrana lutei, and passes into the abdomen, joins the 
mesenteric vein, which would appear to divide into two. one forming 
the vena portorum, the other joins the vena cava inferior between the 
kidneys, and which communication remains through life. 

In the diastole of the auricles more bluod passee into the right than 
what it can contain, and the overplus passea. as it were, through the 
ri^t auricle into the left, while at the same time the left is receiving 
blood from the lungs, so that the left is &Ued partly from the body, 
therefore they arc ei^uaUy filled with blood. But the quantity from 
tLe lungs is increasing every day in proportion as the lungs increase, 
for the longs can hardly be said to be coeval with the heart. 



' [Titolhne or oniphJo-mwmlcrie arterj.] 

' [By 'chorion uiit liiiiga' Hunter inlandi the 'klUotoia,'] 

• [ViteUine or ompbalo-n 
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0/ the Brain and Spinal Marruw. 

It woiilil appear, upon [esamining] the nioBt early of those parti, that 
they were originally formed in two distinct parts, a right and a left ; at 
least there ia a, transparent line which runs through their whole length, 
dividing them to appearance into two ; but theac parts are too small 
and too tender to allow of ascertaining this as a certain fact ; and 
indeed this division takes place in some degree in parts in the adult ; 
for we find the terchrum and cerehellum divided into two. as also the 
medulla spinalis ni.-ariy diridod into two, lungitudinaUy. The uuion in 
the brain of the chick aectos to take place soonest about the basis of 
the brain, making the antorior end appear as if slit into two, like a 
pair of pincers. 

Of the Formation of the Intestines, i^c. 
The intestines, and probably the liver, spleen, kidneys'. &c., are the 
latest formed ; yot the principle upon which they are formed most be 
begun early, for the mouth ia early formed, as also we may siippoae the 
anus, for the bag described as above f allantois] arises from it ; there- 
fore there is oiJy the intermediate canal to form, and its commuuimtion 
with the yolk ; but as uU those parts are only fitted for the second stage 
of life, it was only necessary they should be perfected by that time. 
Tlie small intestines whith join the yolk are drawn further out o£ the 
belly as the chick grows, but before the chick hatch^thoy are gradnallj 
pulled in'. 



' [Tbo kidnejB begiu lo be formed ia 
tadpole u it U pusing from lh« embrjo U 
organs prior (o the kidneje, called from ' 
eoninating of liollow arai attached to an ■ 
die third Aaj, which HKrctc d yelluwiah i 
e Erst period of it 



he cliieli ou the aiith day. and in tba 
Jib Urva itate. But (hpra nra KCcnAory 
Mir di»coTe™r the "eorijora Wolfflana.' 
crelor; dud. and deretoped iii birdi on 
ine i K> that the allantois may contain 
irpura Wolffiana diuppeu in 



bird* at die time of raeliision, in Bntraphia at the Uticr period *f tlio larral tt 
in MamniBlia earlier, and in Man uwniHl of all, Sw Uiiller, BildnngvgMehiebU 
dee QenitsUen. Diuaeldorf. 1830.] 

' [The otneirations of Wolff on Ibe derelopiniinl of llie digeative organs of Ihu 
chick, publiibed in 177-1. ore more numorotu and pr«ciK than tho*e of Uunler, Of 
the fortnslion of iLc glands Hunter iajt nothing, Malpighi aeiiniB to have been the 
fint who recognized tbo primiliTe form of t1i« liver. ' Sepfimd trrniinaU die' — 
'Jecur ipaiun. aubluieo intirdum niO\inun mloro. quandoque eineno, auetiui «t 
eoIidiusreddebatur.etipntuglandulaaDn umniiio rolmidam etgplumcaiD roferebant 
ngnraiQ, ted oblonginree et quad eacaln afrifvbi, diietui licpalico appenM*, ropm- 
wniabant;— Epist. de Fonuatione Pulli. p. 0. Op. Om. fol, 11187. 

Von Bacr and MuIIpi* |>Fmivpd the Unl derelopmcnt of the lircr in tha chick at 
ihe middle of the third day ; II thru appnired ■* two pjPiMnldal hollow ncca 
dotaloptd from Ibe dondcnum.] 
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llie parietea of the abdomen ate the latest in being formed, and when 
ihat ia effected the anima! is completed ; but this is much later in soma 
of the oviparous animiila than in the qnodniped, and the lateness of 
fonaing this part is owing to the yolk's being taken into the cavity of 
the belly at or near hatching ; and to effect this purpoee we find that 
from the circumference all round the opening into the belly arisea a 
muacular expaneion which enters the yolk (besides its proper mem- 
brane), surrounding the whole, which by its contraction draws the yolk 
towards the opening, and then by its contraction that part of the yolk 
whrich is close upon the mouth of the opening la shoved into the beUy ; 
and by this action some of the yolk (which ia hecomo fluid) ia squeezed 
into the intestine, which by regurgitation in that canal is carried up 
into the stomach, and is there first coagulated to be afterwards digested. 

As birds have air-bags within the abdomen, I find that at a certain 
period of growth of the chick they b^in to fom, They begin at the 
lower point of the lungs like a small hydatid, and extend further and 
further into the abdomen, before and on the outside of the kidneys : 
they are at first full of a fluid ; as they extend, they are, as it were, 
squeezed among the intestines, so as to take on the shape of the intes- 
tines of those parts, and at last filling the whole abdomen among them. 
Soon after others are forming, or other openings comrouniuating with 
this, and the lungs arc also beginning to attach themselves so as to form 
a commimication with other parts, as the ribs, stemom, vertebra, &c. 

The lungs are, at first, detached bodies, as in the quadruped, but 
when arrived about the third week (in the goose) they begin to be 
attached to the ribs, but not so early to the diaphragm. 

Among the latest formed parts of the chick biv the eyelids. When 
gone through one half of their period of incubation, the whole anterior 
Burfflce of the eye is exposed, and the termination of the common 
integuments is perfectly roand. as in flg. [12. plato 76, lorn. oV.] But 
in a day or two more it begins to form itself into an oblong opening, as 
in fig. [16. pittte 76. torn. ri(.]. which becomes narrower, as in fig. 
[5, plate 75, torn, o'i.], and then the increase of lid becomes more remark- 
able in the lower lid, becoming tlret almost straight, as in fig. [17. platu 
76, torn, cit.l, which afterwards becomes ronnded on its edge, almost 
covering tiio whole of the lower part of the eye, as in fig. [18. plate 
76, torn, cii.], and about a day or two before thoy are hatched the lower 
lid has spread upwards so much as almost to cover the whole eye, as in 
fig. [plate 79, torn, ell.'] 

The membrana nictitans begins earlier to form than the eyelids, for 
in fig, [16, plate 76. lom, «'(.] it is seen at a, and its increase may be 
ohser^-ed in all the other eyes at letter n. 
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It may also lie observed, that at no periix] couid 1 obseiTe n mem- 
brana pitpUlaris. 

The little horny knob' at the end of the beak with which it breaks 
the ahell when arrived at the fall time and mokes its escape, is also 
graduaUy forming into a more Tegular and detcnnincd point, the pro- 
gross of whii^h ia seen from the first figure to tho sixth. 

When very yonng we may observe two oviducts, one on each side; 
thoy would appear to be behind tho kidneys at their firat formation, 
but become more and more forwards as the chick grows, and bufora 
hatching the right seems to decay. 

There are t«'o kinds of down on the chick, one long, which cnmes 
firel, about two or three days before hatching : a second, or flue down, 
forms at tho rools of the other. It is probably the long down that 
comes off with the feather. 

The chick some time before birth has a kind of mixed action of life, 
for it breathes, and wo can hear it pip and chirp in the ogg; and wo 
find that the adult circulation through and out of tho ht^art is formed 
before birth ; yet it is receiving its nourishment from the remaining 
nUme. 

Vmificalum of the Embryo. 

For this purpose a heat IB always neceasary equal to the heat of the 
parent animal. In the human female and in the.hen, the heat of ths 
body [is higlier than that of the surrounding atmosphere, and therefore 
in the one, virification goes on In the Qt«rus, in the other, under the 
belly of tho parent. But in] the turtle, fish, ic, where the heat of 
the animal [is the same as tho atmosphere, the ova are left to incubate 
at a distance from the parent]. 

Where the natural heat of the animid is the same with, or veiy 
nearly that of the atmosphere, the parent is not solicitous about its ova, 
M, for example, in fishes, in the turtle \Clieione']. [in many] insects.'dio. 

Generation of tie Eel'. 
The natural history of the mode of propagation in the common eel 
[^AnffitilUi latirogrrit, YarrellJ Las, I believe, never yet been described ; 
and this has probably in some degree arisen from a dissimilarity 
between their [generative] parts and [those of] fish in cwnimon, so as 
nut to enable one to reason from analogy ; and, a» the mode of propa- 
gation in animals can only be known when that operation is going no 

' LPhjiiologiml CiUilopje. tol. i. pkle 76, fipi. 17, 18 4, Hunt. Prepfc 3m. «i7, 
AIM.] 

» [Hnnt. Prep). Sm. ^660 (Cnnpn votgirrii), 3203 {Xiffvilla latirosfrht ) 
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in tliem. and [by] following it throii^h most of its stagea, it haa lain 
almost nnintelligiblc in tho eel from the difficulty of finding tbem in 
this state. It was not even known whetlier tboy were oviparous or 
viviparous, and fi'om this state of ignoiunco Sir John Hill' has declared 
them viviparous ; probably from conceiving it [to be the] most probable 
[mode], aa their mode of propagation was so obscure as not then lo 
have been discovered. 

In my pursuits in comparative anatomy, especially [as to] the mode 
of propagation in fishea. the eel was not foi^tten : sjid, as I found in 
this fish pnrtH situated similar to tho rocs in other fishes, although not 
similar in the immediate appearance for propagation, yet being euch as 
demanded attention, [tbisj therefore made me more desirous of knowing 
both the mode of propagation and the use of these parts in case they 
might not be intended for such purposes. 

That I might be able to ascertain these facta, I got eels every month 
in the year &om the fishmonger with a view to catch them in the breed- 
ing season, as also of every eiw, but I never could distinguish any dif- 
ferunco in thesu parts in any of the months. However, I was told that 
this was not a fair trial, the fishmongers often keeping thom for months 
in their troughs, in which time we cannot suppose they are going on 
with this [the generative] process : and to get eels from the river regu- 
larly was not an easy matter. 

The part which 1 suspected to be the oTorium, when viewed with a 
magnifier, appeared a little grannlated like some fatty mcnibranes ; and 
Ihore being in some of the amphibia, as the lizard, frog. Jic. regularly 
formed bodies composed of fst, T boiled this jiart to see if any oil could 
be extracted; but it boiled away to n pulp without yielding any*. 
Having fuled in all my examinations on this part of the common eel, 
and being in the island of Bclldsle in the summer of 1 761, where there 
was a vast number of conger eels, I dissected some of them for their 
anatomy, and observed they had the same parts with the common eel 
which I had supposed to be the ovarium or roc'. 

' [Tho pnHennont of this writur to a scientilii; cliaiacier «« uliown in the ' Cnr- 
re^pondence of tiniuriu,' publiahed bj Sir J, E, Smilh, P.L.S., 8to, 2 vols. 1C2I , 
Sir Jobo Hill wu patroniml by Lord Bul«. and mnong otlier worki, including ■ 
■Mire on Ihc Bojnl Sodetj, be compiled a ' Nntuml Hirtory of Animali.' fol. 
1752-1773.] 

" [If (he fat-UltB ti inge on the rida of tlie air-bladder and lodueja of the eel or 
conger benamtned during spring with a ixiramon pocket linu. or laler, to about Scp- 
lember. without tlie aid of a glase. I3ie ova ma; benccn gradually actquiriiig their full 
aie; in estuar; ecla t&kon in October and Noiembrr, tlio oiarin are aliriTetled nnA 
tonpC;, The ilHitlni congeis are procurable early in Sepl«niber, and are tlion 
iimiallymuoh darW than at other ««>«)□■. ] 

' |Hi.nl. Prep. No. L'660.1 



As tho lamprey and the lampem have, in aome degree, a similarity to 
the common eel. and as thoir seasons of propagation are known, I next 
examined them with the same view when full of spawn, and easily 
found tJieir parts for propagation ', which are somewhat eimilar to those 
parts in the eomnion eel, aa I had suspected ; and, although not exactly 
so, yet sufficiently to show tho analogy. 

So far encnnraged I did not give up the pursuit in the conunott eol, 
and WHfl still fiirther encouraged by Sir Joseph Banks, mentioning 
that when young, be had ot>served in on eel the roe &11 of eggs or 
■pawn ; but us he was then not well acquainted with the anatomy of 
this fiah, and only knew there was an uncertainty respecting the mode 
of propagation, he therefore only preserved a part, and put it into 
spirit for further examinatioa ; but the spuit evaporating, it dried and was 
rendered unfit for investigation. Sir Joseph giving me leave to look at 
some sea-eels caught when on his voyage round the world, in them I 
fouud the roe full of eggs, and have since compared them with the 
common eel, in which I have at last discovered the mode of propagation, 
which is ejtactly what I suspected from the structure of the parts. 

On the present occasion it may not be improper to give a short 
descriptioD of tho roe in the common roe-fish, with a view to show the 
difference [between them and the eel] which probably was the cause of 
its [tho mode of propagation in the eel] not being before discovered. 

The roc in fishes in common, or what may be called the ' roed-flsh,* 
oonsists of two bags ; in some these are long, extending nearly through 
the whole belly of the animnJ ' ; in others ihey ai-o round', A-c. They 
are smooth on the outside ; and on the inside are thrown intu a number 
of flakes or folds, increasing the surface greatly for the form and attach- 
ment of the egga or spawn. 

These bags tenninato each in a duct near tlio anus, which ducU join 
each other, forming one, which enters the anus near the verge, Ihrou^ 
which the ova pass. 

In both the lamprey and lampem the roes are not bags having tlie 
ova attached to the folds on their inside, as in the above described, bnt 
are composed of flakes or layers attached at one base along the hack, 
having no cavity. Each flake is composed of two membranes united by 
cellular membrane, and on tho inside of each membrane are the ova ns 



' [Hunt. PrB|>«.So«.2rK*, 21!.™. 3198-3201. 1 

' fib. Not. 2663 (Biirbel).2««»(M»okewl)') 

' [lb. No», 36T3 (Oi'ru. S»,rpiM). WH (Wolt-Bih, 4 
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diKic together as they can well he placeil ; uud they may L>e seuo ex- 
tornslly through the membrane composing the fl&ke. When these fiBhos 
have spawned the flakes Itecome flaccid, but still the nidi may be seen 
in littlo opaque spots. The mode of spawning I shall describe in the 



In the eommon eel, and also in the conger, the roe Is eomewhat 
similar to the above, although not esautly. l^acb roc is composed of a 
membrane attacheil by one edge to the back of the Ssh, almost tlirough 
the whole length of the abdomen, and continued into the tail some way 
beyond the anus : the other edge is unattached, and is longer than the 
attached one, ao that it hangs like a ruffle'. On the sides of this mem- 
brane arc a number of folds, similar to the inside of roes in common -, it 
is similar to half of a common roc slit up through it8 whole length, 
having the smooth membrane on one side and the flakee or folds on the 
other. 

These roes in the lampcm, lamprey, conger and common eel, have no 
duct or outlet directly belonging to them ; therefore the operation of 
spawning is uncommon, and probably peculiar to this order offish. The 
passage out appears to be by two openings, directly from the cavity of 
the belly just behind the rcttum, which unites into one, and opens into 
the rectum on the further side of that gut just at the verge of the anus". 
From this formation of parts, the question is, how do they spawn ? In 
the common fishes tbe parts themaelves explain this operation, and in 
the present we must have reeourae to tbe same method. 

In the common fish we must suppose that the ova fall off and get 
loose into the cavity of the roe or ovariimi, and then are protruded out 
of that cavity through the duct, by the action probably of both the roe 
and of the abdominal muscles, which forces them estemully. 

In the eel, &c.. ve must suppose tbem [the ova, to he] forced out at 
the small opening above mentioned by the same kind of action. 

From the structure of the paria, this method of accounling for the 
operation of spawTiing appears to be the only possible one ; and 
although it may be difficult to conceive hov the spawn, when loose in 

■ All of Ihe rsy-lind have two openings from tlio bellj. one on each ride, bj Iho 
fin St the uiiie*. 

' flhi* mode of atlacbment of Ibo ova to friiigCT, a» couipared wiUi Ihe oonipact 
ninMri of the oruia in other Sibea, ia kdniirabl; odnpted to the vermiruliu- winding 
notions of the ceL] 

' [In Ihe Hmileri&n prepwation of (he aBlmoo, No, 2G62, Ihe peritoneal aperlurea 
are ahown, uritliin (ho verge of the tent, between the doaoil uperturca of the blndrfor 
and rectum: »a deembod in mj Phjidolopcal Catalogue. 4to. toI. it. p. 1.10. The 
proper oTiducta are wanting in the ealmon-tribe. and the otr ore raduded hj the 
pcriloiiral outlets, ai in Ihe cel-lribe.] 
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the cavity of the abdomen, should oil be bmught lo these small open- 
ings, and there make their exit, yet it may nut be the less true ; and 
that this IB the moat probable way, is still Btrengthened by [my] haring 
seen the cggA in the lampem [^Pelroini/ion Jtuviiitilin']. whose structure i« 
the same [as in the eel], loose in the cavity of liie abdomen, in their 
season for spawning, and other eggs tliat were not detached, upon tlie 
least handling dropped off from the ovaria. 

This Btructure, although in some rcapocta appearing (^aleulttted for the 
formation of the spawn, yet as that spawn had not been siwn and as 
there was no visible outlet for the spawn when detached bclonpng to 
these parts thcmaelvea, as is in other fish, it waa no wonder that in some 
minds it remained a doubt whether thi-j- wore the parts or not. This of 
having no outlet belonging to the parts thomselveis is u curious fact'. 

' [ It appeart that eela. »» a general rule, do not breed in tretb water, but Uiat 
tit&x are regular migrslioaa o( Ilioae with milla or roea enlargiDg. from inland waton 
to the »« or lo the MtuarioB of rivera, at the end of iiirainer ; and of ■ elrcrt' or 
;oiiDg eela, bom tlioae mtiuUonB to Ihe froth wntera in apring, Theao, haring piaand 
gradually trom tlie braektah or salt to freah waler. ascend atreanu and drnina and 
■pread themaelrea througli tho inland waters. The eel* dnceod the riv^r T«m)W 
to ipawn in the end of 8<-pl«niher. Tbo ' elven ' ascend the river Connor about 
tlie 2Dth of Ma;, in a elondor mlurnn about two feel wide, along the edge of Ui« 
■li«am. Thej creep up Ihe wot poaU of eluicea. aiid wmetimei twist tbemaelraa 
into round baila about four inch« in diameter, with their heads turned outward. 
Hr. Tarrell atalaa that " the paHoge of ^he joang eeli up tlie Thame* al Eingaton. 
in the jfor 1832, comuieiind on the 30th of April and laited till the 41b of Maj. 
It waa coleuUled, bj two obtertete of their prograa in thai jmr, that frran 
aixttien to eighteen hundred passed a giren point in the apace of one minute of tin w." 
—British Ji^hea, vol. u. p. 291. Mr. Yarrell's obaerralionB on the oriparous gono- 
ration of etia, are given in the second series of Mr. Jesse's ' Olnninga in Natural 
Hialorj,' 8vo. 1836. 

A cocrespondent of Loudon') Magazine of Natural ITistory tJiua norralee. as an 
^e-witnesa. sciine of the piienomena of the ^neration of tlis lamprcj: — "On the 
SthofMaj lobaarreds number oflampreysinlheaiA of s)iawiiing; and, remembering 
(he qneriea of your corrcapondcnt. I alood lo walrh llieir niotioni, I observed one 
twist its tail round anotlier, and (hey botli atirred up the sand and small gravel from 
the bottom in auch a way as convinced nic il was a coiiJuncUua of the sexea: each 
ual ooi^iuuclion was followed by tlie ejecHon of B jW of t^gn from the female. I 
caught them both and diasectcd (hem : tho Mitual organ in Iho mole wm projected 
. above ■ quarter of an inch, and the body lilled with mill; Uie female, tliough abo 
med to have already ahcd a considerable ijuontity of her ajMiwii. bod still a lo- 
lerabie slock remaining."— Vol. v. p. 74ii. 

lampreys drag out stone* from Ihe bed of tlicir Hver by Uiuir suctonal moutlu, 
and ovipoiit in tho oavitin Uuia led : the Pttrvnifiton minniu irpawn in pair*, tlie 
Pttroms/ton jhtviofita ai^ in roncert, foruiing a common spawntng-brd. 

Cuvisr re|ieats llie imrront belief of iho hermaphrodiluim uf txHh tlie «el and 
lamprey, and appears to Mnuider (he oocurrenee of a single male lamprey, as noliiMl 
by Uajendie and DeamouUn^ to be an acridental or anomalous drcuauttnos. Am 
the Hisloire dm Poiaons. Itu. vol. i ] 



OF THE WATER-SNAIL AND MUSSEL. 

On the Oi'iparous JValer-snail [Limnea stagnalia] . 

This vater-anail spawns its spawn cnulmcd in a fine jclJy, perhaps 
about fifly [eggsj at a dmo. The ogg when titken out of the jelly is a 
round body, a littli^ flatUmcd and a little oval ; it has a pretty strong 
uoat. When burat, a transparent jelly comes out: there is no ynlk'. 
In a few days after the spawning;, the email shell is seen forming in this 
little body like a white spot, which iacrcaace till it oenipies the whola. 
When those little spots, or snails, ore only about the lOOdth part of the 
siie of the whole, we sco them moving in the egg'. The question is, 
how are they nourished? Do they drink the contents? have they any 
connexion by way of absorption ? In about three weeks they b€gia to 
hatch and come out of their shells. The slime in which the ova aro 
enclosed docs not coagulate in spirit. 



On the Viviparous H^aler-snail [^Paltidina vivipara]. 

In the middle of July they appear to be completely pregnant, the 
Uterus full of young in all their stages', from the gelatinous ovum or 
embryo to the complete snail, with its shell formed and capable of 
moTing about with ease. Tho number in one snail about fifty or sixty. 



Generation of the Mussel lAnodon cygnet 



.]. 



In the beginning of July these appear very tteshy and [their soft 
parts] fill the shell. The out«r membrane [mantle] appears granulated. 
and much like the oTarium of several fishes. This granulated appear- 
ance is also seen on that fleshy mass [ovarium or testis, with tho hver], 
in which the intestine takes its turns. These [granulations or ovaj 
seem in prodigious numbers: and sometimes I have seen these ova 
becoming of a darker colour, but not so as to be clear that they were 
young mussels. 

The mussel, as well as moat other animals, is subjecf to animals 
living upon it. They seem like a beetle in shape, and are about the 
siie of a large pin's head, with a large body, long legs jointed, and 

' [Ho ' food-joUt ■ appeoded to the • gBnn-jolk.'] 

* [The rotation of ibe germ-yolk and embryo oa ita aiii ii produced by th« ftotion 
of vibntUe mlia on the nirxoundiiig albumen. The development of the Limnta \» 
veil desuribod bf PfeiffeT ui_hu ' Natur^rsuhiehle drutwhcr IadiI- and Siiuwuier- 
Holluaken,' 4lo. 1825. See ol»o mj ■ lectiirea on Invertebnila.' Wro. 1855. p. 561). 
Hunt Prep. No. 231».] 

• [Hunt. Pn.p.. So.. 20.t2.am.] 
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ftrmed with apikea like a crab '. These breed by laying their eggs i-ound 
that opening where tlie excrements are discharged, and where the water 
is drawn into the gilla, and are there hatched, about fifty or sixty in 
number. They may be pinched off, being about the size of small pins' 
heads : and by viewing them with a microscope, they may be distinctly 
seen in their different stages, from the ovum to the complete animal 
(preparations of them in Iheir attachment and adult form). [Quiere: 
Where?— Wu. C'i.ipt,] 

GeneratioJi of the Oyster- [ Ostrea edulis] . 

The mode of generation in the oyster, mussel, &c.. has not been in 
the least known. wMth has been from the want of appearance of parts 
of generation [in them]. But I have taken notice in the oyster iJiat 
there is a great differento of appearance in the animal at different timca 
of the year. In the winter they appear full or fleshy, by a thick white 
soft glandular part covering the stomach, liver, and intestines. This 
part seems t^ be made up of vessels branching like veins over the 
liver, and those branches open by two small oriiioes into that passage 
leading to the inside of the gill, on each side of that projecting part 
made by a doubling of the intestine i and nt these openings the con- 
tents may be squeezed out, which in the winter contain a milky fluid, 
or rather like cream, but not so high-coloured ; and at this time, when 
viewed in a microscope, ftbe contents] appear of a uniform tezture. 
But in June I observed that they were becoming smaller, that is to 
say, the gland was decreasing. I squeezed the matter out. observing 
that it was moi-e viscid ; and on diluting it with water, and viewing it 
with a microscoiM!. there evidently appeared small ova in it, pretty well 
determined [in shape] and nearly equal [to one another] in niie. 

This happened to bo in the beginning of July, and now they [the 
oysters] were becoming very thin. On opening one, I observed a pur- 
plish granulated appearance like very fine sand in the gills, [with] in 
the shell ; and on viewing it in the microscope, they appeared to be 
oysters formed ivith their shell, and by their transparency I could see 
the embryo of the oyster; but I never could gel them so far advancod 

After this, at the Isle of Wight, I found several whore the ovarium 
was decreasing ; and on squeezing out the eontentA. I observed tJir ova 
more distinctly than I had ever [before] seen them. 

' [Aeanthoxdii. ' Xtttam on tnTerbibrUiv Aniint]*,' p. G25. The tme ambiTo 
of Anodon hu ■ hooked apn and (pinM on the ihgll, and wu rappowl (ii hn ■ 
parn-ile b» RntlikV; *li" tti"HTih«l il imd.ir llin nnmc of nior\idlu<«.\ 
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ON THE GENERATION OP INSECTS. 
Of the Parts of Getieratioji. 
Insects cannot be Buid to have external piLrts of goneration ; for, 
although the penis in the male can be made to project, yet in ita accus- 
tomed situation it is in tLe abdomen. 

The fenialea have no external ports, exeeptiag the opening of tho 
vagina, which is hid by the two lost scales', The opening of the anus 
in the beetle is, I beheve, m the same homy apparatus with tho vagimi. 

Male Parts of a large Moth. 

At the termination of the back is a strong homy hook that benda 
downwards, in the curve of which opens the anus. Thenj are two 
lateral, but smaller hooks. The penis is a homy body which comes out 
under tho anus, and has a spongy ' glans.' It moves backwards and 
inwarda in a horny groove or ring, which is fixed in a pretty large 
homy apparatus. 

In a large green grasshopper \^Aenfla (rhcuigimeura)viridiisitna^ with 
hardly any wings and with a long tiul [oripoaitor], which divides the 
anus from the vagina, I found a bog between the rectum and vagina 
whose opening was just at the verge of the TOgina, which I suppose ia 
the ■ depository of the semen '". 

Male Parts of the Rose-beetle [Celonia aurata]. 

Tho male porta consist of a penis, testes, and other glandular ducts. 
They ore all contained within the abdomen in their natural state or 
position, but the ponie may be mode to project ". Within thi* two last 
scales of the abdomen there is a horay apparatus for tho projecting 
muscles of the penis to act &om, which may be called their pelvis. The 
penis is large, composed of a horny substance, flat upon the upper and 
lower surface &om edge ta edge ; it is a little bent, the hollow of which 
curve is on the under surface, so as to be better adapted to enter tho 
vagino of the female, which is underneath '. Through the centre of this 

behind the cAher, of 
re* [he male organ in 

' [It ii the 'apormalJiMa' (Himt. Prep. No. 3lii8), and i* the homologuc of tho 
'' bog" in the ulk-motli, which HunlsmperimontAlIy pro*rd k> contain the mnen 
of the mate. See Animal Economj. p. 461. Also 017 ' Lectiina on luTniebimta,' 
for ' fenuile parts ' of Or/hoplrra. p. 40t. 8»o. ISflS.] 

' (Hunt. Prop. So. 2328 (iS™V* Mo'i.).\ 

* [On the ventral siu-face] 
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passcB the urethra. From the root of the penis pageea a duct which is 
Btrong and thick at the root, but becoraea smaller and smaller, and 
tnakea a twist or turn upon itself, where it hecomea very small. Into 
this one eana!, enter four pwrs of ducts ; the first pair are two longBraall 
ducts, each of which ie coiled upon itself so as to occupy hut a small 
apace ; the second pair are lai^r. and are the uommon ' vasa deferentia' 
of each side ; the third pair arc two pretty long ducts, nearly as large 
as the vasa deferentia, that take a slight serpentine course, there being 
room for them in the abdomen ; and the fourth pair are two small short 
ducts between the two lust. The testes are twelve on eaeh aide, [the 
insect] having twenty-four in the whole ! They are round flattiBh 
bodies, each having a duct passing out of its centre like the stalk of a 
mushroom, which is of Bome length; and the whole twelve ducts iiiiit« 
into one, which forms the common, vas deferens of that side. I onoo 
saw them in copulation, which was exactly similar to [that inj the cook- 
chafer. 

Motha are a long time in the act of copulation. The lai^ moth is 
some days. 

0/ the Laying of the Egga of Moths. 

In a middle- BiKed perfect whit« moth', about the size of a silk-moth. 
the female has a great deal of light brown hair all round the anus. 
When she lays her eggs the oviduct is protruded, and when the egg is 
throe- quarters out, she moves the anua from side to side, which brings 
the protruded egg in contact with the hair, which attaches the hair to 
the egg so strongly as Xo pnll the hair out by the roots, so that the egg 
becomes surrounded by them. These hairs, by means of the mucus, 
stick again to the surface on which the eggs arc laid. Putting some of 
these e^s under a glass shade, in about three weeks they hatched; and 
the young worma worked a network all over the inside of the glass. 

In July 1761, I found one of these moths laying its eggs on the leaf 
of the Paper-tree'. I took the moth into the house with a part of the 
leaf, with some of the eggs on it, with a view to preserve it as a pre- 
paration'. 

Longevity of Insects according to Period of Oviposilion. 

I do suspect that thp females of insects, respecting longevity, are of 
two kinds ; one where the female dies the same season in which she is 

' [The ao«iinpli»lit'd entomologiit, Francis WnJker. iCsq., bctien« the ipcdn here 
rfferrpd (ii, (o be tJie ' Brown-tail' moth {Porthiiia ehrsiorrkaa).} 

= [Paper Mulberry {Bnieea papyriftra).] 

' i Hunt. Prep. No, 3043. shows the eggs of ■ Hiwk-meth ( Smith. i-Jiu) Mlwhed 
Ion IpflF.] 
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hakfed, as ia tte nlk-waBm; tbe utiles' wlun As Etw dmn^ the 
wiater fcOawiag her baatg hatAed^wai ta the nmnMr Is^s her eggs 
andAea; m I fine; ■ the om wi& moM liea. 

[7^ aaau idm ^t wtf y oproMrfL] — ^loMcte vbidi hy tbetr egga 
m oae eesMn, wUdi qgs da »M kitiA till the jmi fiillinnBg, I H^eet 
an oB^ MiBmJ, or lire mij that ■aaaon ; wmA m the nDc-vona 
lBomifx\ Uad-beetfe [GMfrafNs], But ineectB, vhooe efga an Laid 
and hahjied the eunc seaMii, mart lire in tm eeasons ; at least tliey 
mnat lire one winter 

[7^ »amt idea lUfftrenlljf tjrprattdJ] — I baTe an idea that all insects 
vhii;^ lay their cggB in the autumn, to keep through the winter, to be 
hatched the next summer, and vhich therefore were themselvM hatched 
that summer, such aa the ailk-worm, die themselrca in that autumn ; 
hot that those which lay their eggs in the summer to be botched in the 
aame amnmer, have the young of thoee eggs Living through the winter tii 
lay eggs nest summer, aa their parent did ; and probably they them- 
M'lvea die in that autumn'. 

The males of some spedes of insccta live through the winter, while 
the males of other species die in the autumn of the same mimmor in 
which they were bi'ed. 

In the history of most insects there ia a chasm which is with difficulty 
made out ; but probably thin is only in the inaccts of those eountrioa 
that have great variety in their seasonB ; theix'fore wich inaeota oa 
become inactive in cold weather, and have not provided for themaelvm, 
as bees do, become obscure in that reason. [The history of] thoae which 
do not live above one season ia also obscure, for it is not always known 
when they die. The history of the ailk-moth, which is of this kind, ia 
probably the best ascertained, because it con be domostlcated ; tuid I 
think we hove reaaon to believe that oil moths are of this kind [a like 
nature]. But what becomes of many flioa, and of all of the bee-trilxi, 
excepting the common beo, is what I do not know'. 

All of the flying elasa of Insects make a complete hialorj' of themaolvee 
every year; so that at any one period of the ypiir their history may bo 
begun, for it will be completed by the year following nt the anmo period ; 
for, althongh some live only the season they are produced in, such oa 
the eilk-raoth, jet the period of the life of their eggs joined with their 



^ 



' [Thnthrmmodn of staling the aame propocition are here rMainod u sunnplifying 
ihe pgins whjcli Hunter Ioo1c to record tiia obscmtioni and cnntliiiiuni villi u- 
~ IT ooutd have destined such m»rdt to indi«mininBlo dMlruction.J 



' [Tliu may have been penned belore the obMrvaliona oi 

hiimblc-bee had been completed.] 
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own, completea the year, And although some of the fomfJi» in the 
bee-tribe live sixteen or seventeen months, yet a complete history n( 
Ibem is to be formed in one year. How far the common bee li^-c* 
longer than one year, I do not know ; if they do, then it ia only a con- 
tinuance or repetition of their last aetions of pt-rfection, vit. propagation, 
and the few months they live longer than the year is only a continua- 
tion of these acta, which they completely performed within the twelve 
months. 

Some insects are eggs, maggot, chrysalis and fly in the same eeaeon, 
as the common bee, wasp, hornet, hnmble-bee, common fly. &c. Othere 
are only egg and mag^t in the same scaaon, as tho privet-moth, somo 
bees, some wasps wliich are a chrysalis through the whole winter, and 
fly the next summer. Others, again, are egg one season, [and arc] 
ma^ot, insect and fly the noxt : as the silk-worm, cockchaier, &o. 

Borne insocte appear to have tliree stngos of liff — the stat<^ in the egg, 
or of the fcetus ; tho worm-state ; the olirjsalis, and the fly-etatu. It 
is very probable that all those insects which form what is called tho 
' nymph,' • chrysalis,' 4e., are of this class. 

I behove the maggot never changes its skin till it is going to form 
iUclf into D. ohiysalLs. so that tho skin grows with the animal; and it 
is probably not of the scarf-skin kind, hut like the skin of the snail, 
muthwonn. iVe. 

Caterpillars cliange their skin several times before they go into the 
chrysalis statfl. I believe their skin is to Ix? i-onsiderod as a kind of 
caticle or horn ', therefore it does not grow aftt^r a c<'rtain period. 



Two-fold Birth of Flying Insects. 

Animals of this class have two births, or may he said to have two 
conceptions; one fhim the ogg, the othur from the chr^-salis. Thfl 
exact parts formeii in each state are not as jet known'. One would 
nat\inilly Bnpposo that all the vital parts were formed in the first 
slagc, and tho wings, limbs, &c. in the second : the ftret stage brought 
ail the vit^l piirts to their f^ size ; and as the insect must have an 
addition of parts, or become another animal, it must lie dormant till 
Booh parts are formed. If this hod not been tho case, then they must 
have been obliged to change their coats or skin as thoy grew ; like the 
lobsters, &c. 



' I Modem chamiitr; hu aliowti it lo be ■ peculiar iiihatMira oiIImI ■efailine.'- 
«tiirM on IiiTCTl<^bnile Aiuiu&I«l I^Ito. lAAA. p. 3ffl.| 

» Herald'! ' EntwickrlunRnrhidilr dn 8cil^l(<Lln■ling^' tol. ISSSl 
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e Notes and Queriet on Insecl-melamorphosis. 

The maggot or caterpillar changing in every part, losing the old, and 
turtniitg new out of the same materialB, may illustrate the cbanges that 
take place in tfio matter of othra animals. It may explain the change 
from cartilage to bone ; but, probably better, tUe ehangea that tnko plai<e 
in newly 'formed parts. 

Tho grub, maggot or caterpillar fof an insect] may be reckoned more 
wmple than when [it be<!0menj a lly ; at least they are more simplo in 
their parts of digestion, having hardly any intestine ; which would 
incline one to sappose that an increase of parts, which of courae produces 
an increase of action, rcquirca an increase of intestine or digeadve 
powers. 

In inst'cta, do tho brain and i 
parts of the body? or does the si 
the same nerrea, answer two purposes 

When an insect forms itself into the perfect state in its pod, it cannot 
live long in that situation, for then it lb a perfect animal, and immedi- 
ately reqiures food. Therefore such insoets as endoso thomselves in the 
autumn, to live in that pod through the winter, lie dormant in tho 
maggot or caterpillar-state till the spring or simimor before they change 
into tho fly. 



) change equally with the other 
conatinK'tian of brain, and identically 



Relation ofgeneTative Parts to Grade of ^ecies. 

The parta of generation in the more iinperfoct animals increase in size 
almost in proportion to their imperfect grade, bo that the most imperfect 
are almost wholly genitals, as the polypus and tapeworm. 

Loose Notes and Queries on Generation. 

la not the circumstance of mules not breeding a strong presumption 
that generation is pertormcd by a mixture of perfect seed belonging to 
both sexes, and not dependent on one only? It shows that the seed of 
two different perfect animals cannot produce a perfect animal ; owing, 
we may suppose, to that produce not being capable of producing perfect 



' Had Hunter been acqaaintcd nith Ihe great nork of LjonneC, 'TraiU ana- 
tomique <le la Chenille que ronge le Bot* de Ssule,' 4to. i 702, he would have fmind 
tbereiti Uie ansarer to hia question. See the abridged rwulu of Ljonnet'a and Litvr 
inioBligationa of this intereating lubjret in mj "lectures on InTertrbmta,' od. dl,, 
p, 3A9-3(iC. 
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The oflspring boing like both father and mother, shows that both 
BoxM are concerned; that is, both have a shore in the thing prodnecd ; 
but why the oflspring is sometimes more like the one than the other 
parent ia not yet understood. Why are twins more like one another in 
bodily appearance than other children of the same parents? 

Injluence of the male on the gestation of the female, in aexet of 
different species or varieties. 

On September the 24th, 1782, 1 had my heifer, which was then only 
sixteen months old, bulled by a small buffalo belonging to the Uorqais 
of Rockingham. In the month of June, 1 733, she was letting down her 
udder very faat, also her bearing [vulva] was becoming large and loose, 
BO that I expected she would calve at about the usual time, vif. nino 
months from the copulation, which would have been about tlic 24tli of 
June. About this time the udder wiuj become extremely hard, and sho 
was oxjiected to calve every day ; but she went on till the lOih of July, 
viit, si.tteen days longer than coraroon. By the time she had gone ten. 
days over the usual reckoning, the ndder was become so turgid and so 
hard that it apfwared hko the effects of inflammation, and appeared to 
be very pmnful. She could hardly walk or move her hind legs ; the 
ndder, either from size, pain, or both, interfered so much with their 
motion. 

As I had thought it probable that the buffalo -kind might either go a 
longer or shorter time than the cow, and as mine hiul exceeded her time 
ten or twelve days, I did now conceive that the buffalo went lon^r 
[with calf ], and that my heifer was dividing the time of her gestation 
between that of the cow and of the buffalo. But as the operations of 
the udder did not correspond with those of the calf and uterus as to 
time. I began to suppose that the operations [or constitution] of the 
calf directed those of the uterus, whilst the udder was directed by the 
natural and oripnal operations [or constitution] of tho cow. Having 
formed those ideas from the circumstances attending the present cose, 
I ordered the cow to be milked, and about a quart was taken away tho 
first time, and she was milked twice a day till she calved. However, 
this was not sufficient to stop tnilonimatiou, and she was like to lose 
one pap. 

Helation of size of ojfsjmng Id inimbcr produced and mode of 
development. 
The fnew-lwm] young of animals do not always bear the same «» 
in proportion with that of the parent. Tliw. in some deRr<>". ili-iM-nd* 
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on number, and probably wholly so ; but of thJa I am not certain. When 
wo compart; the foal with its mother, wo do not find that disproportioa 
which exista between one pig and ita mother, or one pappy and the 
bitch. How far taking the whole litter together, as one, will bear the 
same proportion to the mother that the foal does to ita mother, I do 
not know. 

In the quadruped this relation, probuhly, varies the least of any; for 
if [the proportioQ be conaidered which] the whole litter bears to the 
mother, then the variation 'm in common about one to ten or twelve. 

In other classes of animals w)iich are ovipiuous, thcTe is probably 
not that necessity for such nicety [in this relation] ; yet, where they 
hatch their young, some proportion on to size muat exist between tho 
parent and generative product ; for it must be always within the power 
of the piirect to cover the eggs. However, even in this there is great 
variety, from the dove-kind, which only lay two, to the wren, partridge, 
&c., which lay sixteen. Here the bird would appear to be ujwa the 
same fuotiug [aa the beast]. 

But when we come to still inferior classes of animab, we find the 
relative size of the offspring to the parent to be much leas. For instimce, 
of ft turtle [Chelone] aboi'o 200 pounds weight, the egg shall not be larger 
than that of a hen weighing only six or seven pounds. But then the 
tartle lays some hundreds of eggs, whUe the hen only lays from sixttt'n 
to twenty at most, Tho same, I should suppose, may be said of the 
crocodile : however, not of all of that clues of animals ; for in some 
liiards, as the 'savage of the woods' [ThtcatUtclj/lvs UspUy, I never 
saw but two eggs in tho abdomen ; and in the viviparous snakes they 
ore upon the same footing [as regards number of young] with those 
animals which arc more immediately connected with the nourishing, 
hatching, Ac. of their young. 

The same observations are applicable to fishes ; for those which are 
viviparous [Spintu^, ScohoJ<jii, Torptila'j have tho fewest young ; those 
which hatch, as the guard-fish [Siinffnatfiux], the next ; and the common 
fish, as the salmon, iic, the most of all ; and, in the same order, the 
single young or egg hours a araaller proportionate size to the parent. 

In tho insect class, those which lake eai-e of their eggs or young, and 
have no assistance, have tho fewest young; such I believe to be the 
case with some beetloa, as the biflflk-beetle [QtolntpM], some of the 
beo'tnbe which have no assistance [i, e. no neuters or nurses], tlie 
wasp- tribe. 

These fauts show us why tho young of many animals are so small. 



I [Hunt. Pre|>, No, 3332.] 
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although tile purtnt is largo, und ronders the «»uimtuili"ii of trndi 
young so difiioiiit. Thtis it ia vary difficult to esamitic the peculiarities 
nf the fiEtiia of a turtle, alligator. &c. ' 

Of the different proporliont that different parts bear to the whole in 
Young Animals, compared with the Old. 

Tho li'gs of young mumala aie much liirgcr in proportion to the aizc 
of tho body tlian in the ndult ; and many whii^h soem to be arrived at 
Uioir full growth, yet retain a degree of oluniBiueas in many parts : 
Ihwto remarks are vory oliserviible in the feathered tribes. 

Of the Breast. 

Tlio breuHt of the female is covered by the true skin everywhere ex- 
uopting round the nipple. The skin here is thinner, and seems to havo 
more of tho rotc-mucosum under it. The cutis is redder, owing to a 
greater number of vcs«ela at this port, 

This is but little obeorvable in children ; but, im thf/y advance in oge, 
it boRomoB broader and broader, as if pushing from the nipple as tront a 
centre, until thoy attain puberty, and then it seema to be at a stand. As 
it advances in breadth it heightens in colour, till it is of a fine crimson. 

This ' areola' and other oireumatancea form the full bloom of virgin!^ : 
but, when impregnated, and approaching, like the flower, to seed, the 
areola changes to a dark dirty brown, and becomes considerably broador. 
Tile change in colour is principally owing to the addition of rote-tnuoo- 
Mum, which, becoming thicker here than in other parts, and the cuticle 
being thinner, it becomes more visible, 

Upon this part of the breast and on tho point of tho nipple, thero aro 
phieed a great many small glands. 5hey appear very plainly upon tho 
areola, making little risings. Tfaoso on the point of the nipple arc not 
to be observed but by the mucus that can be squeezed out of them, being 
very diJTerent from the milk ; and tho samo with the mucus of the 
others, and tho orifices leading no further than the nipple itself. Thesu 
glands are mora evident after impregnation, Tho thickening of the r<'te- 
mucnsum, iind tho discharge from these glands, will lundor any nu«chief 
that might arise from tho child's gums and lips. 

Tho cutiiJe port of tho breast sepanites much sooner from tlus than 
any other, owing, perhaps, to the thickness of the rete-mucoanm, as it 
is principally ilisaolved when (he two skins separate, and the thicker it 
is the onaicr will thei water inninunte itself. 
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In the nipple of man j animals there is an erecttve power, which takes 
place oiJy upon external stimuluB ; which erection straightens the duets, 
and allows the milk to Row. There is aim a sphincter miiedo at the 
mouth of each duct, which, like ether aphincter9,is always acting, except- 
ing when the milh ia to flow. How far this sphincter it) univerBol I do 
not know, hut it is evident in those of large animuts, as the cow. mare, 
&c. The relaxation of this sphincter does not arise &omanjnatUTul action 
taking place in another {>urt, like the sphincter ani relaxing from tho 
stimulus of the fteees with the autiou of the rectum, hut from a stimulus 
being apphiKl to the cxtcmLd surface, which hecomes the natural Htimulus 
in this case. This stimulus is the mouth of the young, which, by its 
application to the extemid surface, cauaes the sphincter to relax ; and by 
suetioQ and extomol pressure, the milk is drawn and si^ueczed out, but 
principoUy by the last. 

It is imagined hy dairy maids that tho cow has a power of keeping 
up, or lotting down, her milk. That the milk dues not flow so readily 
at first, when a calf is taken irom a cow, as it does afterwards, I beUcve 
is true ; hut I believe that this arises from the maid's hand being a new 
and different stimulus from that of the mouth of the calf; and, there- 
fore, till tho nipple becomes accustomed to it, the sphincter does not so 
readily relax. 

The oil in the milk is formed by tho action of the breast. It is not a 
straining off of the oil of the body ; for if it was, then the oil in the milk of 
every animul would be of the nature of the oil of the animal, which it is 
not. The milk would seem to be made up nearly of all the diflcrent purls 
of the blood ; yet something is wanting, for the blood coagulates sponta- 
neously, but the milk does not. However, when mixed with what is 
called' rennet,' or with a solutio^of alum, or with an add, it coagulates; 
then it is like blood. 

Tho milk of animals differing according to the different sorta of 
ummol, and also differing according to tho state of constdtiition of the 
same animal, would show that milk ia not simply the chyle ; or else we 
must suppose that the chylw differ according to the above differences, 
which we cannot admit. It is the same let tho food be animal or vege- 
table ; and, if so, then it comes to the same thing whether you place 
this sugar-making power in tho stomach, intestines, or breast : but ns 
we do not find any such thing in the juice of the stomach or in tho 
digestive product which has got into tho intestines, we have no reason 
to suppose any. It is much more natui-al to suppose that this [sruicharino] 
property is given to the milk in tho breast ; and this is not done hy a 
fermentation in tho milk, tor no animul juices of Ihemselvos will enter 
into such fennenlJition ; but it must arise li-om n pmver in the l>n'n-'t In 
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wpurate such purls froro the blood as eonatitutc a new or suctbnrinu 
uombination. 

Tlie milk, being sweet and producing sugar, would seem to show Uml 
it went through the Baccharme fermentation, and tbal its becoming sour 
ia owing to this eugnr. 

Milk, while in the breast of animals, either separates into ita dvam 
and milk, or else it ia very thick when aecretfld ; for in cows, &(;., when 
it baa been long retained in the udder, the lowennost, or that which 
comoa first, ia the tliinnest, and the very last of all is vrry thiek unii 
almost cream. Now thia b most likely from [the milk's] standing; 
because, if a cow is almost continually milked, the milk ia vory thin. 

Whatever ia Hocreted from the breast during the time of gestation is 
generally called ' milk ;' but it differe in almost all its peculiar proper- 
ties from that fluid. First, it is not white, but of a greenish or yellow 
oolour, often a mixture of both, has no sugar, is strongly imjiregnnted 
with the neutral salts, does not coagulate with rennet or acids, hut congu- 
latea mth heat like sei-um, and is mueh thicker in consistence. From 
this it would appear that when the vessels in the breast are preparing 
thcmselvee for the secretion of milk, they are in some degree in a stato 
of inflammation, or something similar to it ; firat, as it were filtering 
off the parts of the blood with but little alteration, as in the first forma- 
tion of pus ; but as this inflammation goes off. they are preparing for the 
true secretion, as in abscess, &c. However, it cannot entirely he a 
strainingoffof the scrum, because there are much more of the salts in thia 
fluid at this time than the serum of the blood cont^na at that time; thero- 
furt) there is a peculiar power in the veasela of the part to separate iiuxe. 
salts, as must be the case in the lacr^Toal gland of the eye. 

Uilk, when collected in the breast, ^,, and not drawn off, but a cer- 
tain quantity constantly confined, so as in some measure to distend thu 
ducts, gives the stimulus of a non- secretion, or may be said to act as a 
sedative ; but if the breast he emptied, and kept almost constantly so, 
which is generally the case when the mother gives suck, then the 
emptiness of the dncta gives the stimulus for secretion ; and tliu more it 
is kept so, the more it soci'eteB. 

The svureting vessels of thu milk arc vory much affected by the diKjiu- 
sition of the animal for vcnery. I hud u cow tliat oftvn touk thu bull 
wilbout breeding. Every time she was a bulling her milk wili tmd, 
and l)ut little of it. This is observed by all cow-keepers ; but tho reason 
they give for tho mjibU nuantity is " that she will not give do^vn her 
milk." 

Cream is HQ oil rheriiieidly funibiuwl with on animal substance, wiiieb 
, iaspcdlieallyliglllerlhiin milk. It immnipum-dof roimrl dodirmiwimmimr 
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in the milk. This anliatance does not put on its globular figure because 
it ill uily, and from oils having no attraction for water ; bwuuse if it wuh 
simply 80, us these gtobulos came nearer to one another, they would 
be attracted and nm into one another till tbo whole oil became onu 
distinct part, which ia not the caae. Also, if this was the caw, tbt-so 
globules would be of different siKes, which they are not ; they are 
all of one size, whether they are brought near to each other, or are 
much diifused in the milk. This combination would appear to answer 
the purpose of bringing the oil into u middle state between oil aud 
water, so as to render it miacible with water. Motion destrop this 
combination, and reduces the cream, or rather the oil of the cream, to a 
substance called butter, which is perhaps the only process thut brings 
it to the state of oil. However, butter is not the simple oil ; it is still 
combined with some of the animal substance, which induces it to cry- 
stalline in a greater degree of heat than does the simple oil. Heat will 
destroy this last combination entirely, and separate* the oil from the 
animal substani^ with which it is combined; the oily part nms into 
D oil, and the animal part in coagulated into flakes. 



Of the Silaation of Nipples as related lo the number of Young 



mals have more than two or three at a birth ; 
but only some of the graminivorous [have ao many} ; therefoi-e carnivo- 
rous animals have a number of nipples along tho [abdomen and] breast. 
The grBminivorouB have commonly an udder only, which is placed on 
the pelvis. The human subject has but two nipples placed on tlio 
breast. It is siud that the sea-horae (or rather mare) of Africa' haji 
the nipples also upon the breast'. 

There are throe situations for the nipples of animals, vi/. the breast. 
the lower part of the belly or groin, and all along the breast anil belly'. 

The first two situations are intended for those that have only one or 
two young at a time, because the situation will not admit of many 



1 [Hiuitcr here allud™ to tl 
IJVe the (lugong, bsa ttro pocto 
living Bt the Zoological Oaldt': 
Mid inguinal iii poriUon,] 

' [The ftpc and inonliey-tribo {Qaadramana). the ba^tribo {Vkiintptem), and tie 
dephikiila. both AJric&n aniJ AsiHlic-. besidM llie SiriHta Hburu died, Lave [ivrtoni 



imnstoB. or aea-cow (Mamiius Scnn/a/nitia), which, 
nipple*: in Ihe fmittle hippopotamui now (ISSfi) 
London, the tesli are two in nuiuber, smiiU. round. 
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nipploB. The Itiet is for those that are intondiil to have many, so tltat 
from seeing the eituutioa of the nipples of animftlw in general, wc may 
judge whether they have one or more young at a birth : but this i» not 
an absolute rule, for the guinca'pig has only two nipples, which aro 
at the under part of the belly, arising from a Hat breast, and she ban 
gonorally four, five, or six at a birth'. 

Query, On the Suckling of the ffhale-tribe. 
How ^00.^ the young porpoise or wbide suck the mother ? for tu 
Whatever position they are put respecting the surface of the wutur, 
that is, whether the mother has hor back uppermost or undonuont, the 
nose of one must be under water. The only way 1 conceive that tlicy 
possibly can suck is by their having a turning motion, so thut the back 
of mother and young shall come up alternately". 

Of l/ie Effects that Castration and Spat/in^ have upon Animals. 

In all animals we are ac<]umuted with, we see distinguish iog marks 
bctiv-cen the male and the female, esclusive of the parts peculiar to 
each. The males are generally strongest made, more rompact, bony 
and muscular, although not always the largest, and the parts made for 
oft'ence and defence are much stronger and fitter for such purposes. In 
many of the feathered class the male has parts for such purposes peuu- 
liar to himself, for instance, the spurs of the common cock. The mule 
has B degree of irresistible dignity superior to tie female. The natunil 
covering, whether it bo hain, feathers, or perhaps scales, as in fisliex, 
are more in quantity, or more beautiful, especially in the feathered uWs. 
The mind, like the bodj,has a superiority; as the body is capable of grenttir 
execution, so the mind seems lo be conscious of tbo superiority thai thu 



' [The wild oBT^ or npereti {Cavia aptrea, Linn. Bemigur) hrcoda but onoe k Jtmi, 
nnd Ihen h» but one or two young; ilomesCiDation and an iihiLiiditnce of roodnmnl- 
iog that lo be obttuned, (uid wilb much more risk nnil labour, \a the wili) note, bava 
increasod the power* of propagatian bejond tlie natural limit, but liave not lod lo 
Ihe devolopnient of addilioua] uipplca,] 

' [Tbej liBve been obaerrcd to Ilo on Ibe mdc, with tbo bind-pBrt of the UkJj ■ 
little twisted upward, w u to rapoao the niauiam of ons •iilti.— Wm. CLirr. Tlw 
mammary gland in the whale-tribe has a largw n-ecrroir, and is coverod by a ulrong 
niuaole. A qiuuiUlj' of milk nuiy be iigected from Ih« iadeal naemiir down Cbn 
tliroat of the young animal, tin? laryui of whiub ■■ dcTcndad by iti pevidiar form wul 
(•Tnneuon wilU tlir eoll {lolale. Tliercis a tiuiilar ninibaniiim o( llH'larjni in tba 
mammarj fuetu* of llu.' kangaroo, aod tbo niaiumar; gland in thai animal ta >ur- 
rounded by a niu*cle for tha {iur|iow of Injeoting the milk dawu the Ibnial of Ihi' 
premntiirehr bom oirfpni'i.". Soi> Anisial Eouiioiii^. p. 3iK.', nnd nolp. - H. O. ) 
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liwly has, by wliicb meuns its «ewa bworoe more fxteuaive ; and thenire . 
it may be aoid tbiit ■ Conscience makes heroes of them all.' Wliethor 
titis superiority of mind be an original fornrntion, or be dopi'ndont on 
this oonaciouBnesB of the superior strength of body, I will not pretend 
to say ; but it ia most likely an original formation of the mind, but which 
ie capable of being improved or increased by this comicioasness. 

The testes in the malo and ovaria in the fomale are not only employed 
themsclvee and infloenee other parts in simple generation, but iLuy 
influence the whole body and also the mind. This is only known by ob- 
serving the difference between those animals that are allowed to keep 
their testes or OTarin. and those that are deprived of them. The males 
naturally incline as tbey grow (from the time they lose their testee) 
into the shape, ic. of the female of the sarao species, except that they 
do not lose the othor genitid ports peculiar to them, which however do 
not become bo large as they otherwise would have done. Tbey not 
only grow like the female ; but. cspcei^y if deprived of the testes 
when very young, they exceed her in many partieulare ; for. to what- 
ever degree the male has udvaaced in that shape that is peculiar to him, 
he keeps It after the testes are removed, and advances no further in 
that course. And if the male han arrived at full age before the testes 
ore removed, he remains nearly in that state, and does not fall back into 
the female [state or form]. But, as the body becomes weaker, or rather 
does not grow so strong as it would have done in the perfect mole state, 
and 08 the ports of offence and defence do not grow at nil (as wo shall 
see hereafter), the mind becomes suitable to such condition, nnd the 
castrated becomes of a milder disposition than he otherwise would have 
been, and indeed more so than the fomale. The dpsire for offence is 
much less, and the instinct for defence is soon overcome ; so that a great 
degree of cowardice results. 

This, however, is only in those animals which do not proy upon others 
for tbeir food. Those that do so have the addition of the parts which 
serve for such purposes, and they retain the desire to use them. For 
example, a puppy that is castrated docs not continue mild, nor does a 
kitten, becaiiso they are ferocious from the first, This is agreeable to 
our universal principle ; for the females of such [beastsj as have destruc- 
tive ports and eon-esponding dispositions, differ from the males in fewer 
circumstances, and of course the castrBl«d mole differs less from the un- 
castratcd ( than we find in herbivorous animals}. 

In the human species tlie shape of the whole body is altered, or rather 
takes another form, wlieuever the male is deprived of the testes. He 
becomes larger in his body ; a greater quantity of fut is si)rend over tlie 
surface of Ibc bodj imdcrtho skin. The muscles do not sweU »o muth. 
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On examming his )h.'bti1, it was only a kind o( duwn, nith some 
strongpr sliort halm in llioso places where we find them in Inda. or 
women who have a heard; vii. principally on the upper lip, and n firw 
on the chin longer and straggUng ; nor had he hair on any part of hi« 
body where men commonly havo. The hair on tho pubis wa« ns it 
commonly b. 

From the above facts it would appear that the testes had iisvor pro- 
duced their effects on the constitution ; and that Bo far he was to lie 
considered an eunuch. He looked older than 27. However, he did 
not look like a woman, nor hiid he the make of one. As tho tuu'r on 
the pubis is common to both scxee, it whs expected to bo thcro as it 
commonly is. 

Enlarijement of tlie Breasts in the Male. 

Those c-ases of hermaphroditic al monster in the human body, cha- 
racterized by an increase of the size of one or both hreoMe, are usually 
seen about the age of puberty, although not always. It is generally 
attended with considerable pain at first, but this afterwards goee off. 
Mr. Cadell's son was a strong inatanue of this pain. His breafito vary 
as to Kize, being sometimes larger than at others. 

[Hunter tlien gi\-os brief notes of Sve other caaes of enlargement of 
one breast, in men, from sixteen to twenty -seven years of nge, observed 
by him between the years 1 784 and 1 7i*ti ; and finally cites ^he 
following : — ] 

Extract of a curious case &om CSumana, published and properly authen- 
ticated tiy M. Navorret«, Treasurer to the Army and Beceiver- 
Cieneral to the Royal Finaaces, &c. 

" Ur. Anthony Lozana, a native of Pamplieya in the diocese of the 
Archbishop of Burges, formerly servant Commissioner to the Convent 
of St. Francis, and now a schoolmaster among the Indians in the 
Canton of Arenas, Tributaries of St. Ferdinand, aged fin. of a middle 
size, temperament cachectic, between phlegmatic and bihous, soft fibrw 
and flesh deiicute, like women ; feeble voice ; few hairs in his beard, 
and none at all on his breast, with weak eyes ; wns married to Leonom 
Uaria Parejo, who, fuiirteen years ago [>*. c. firom the date of this 
UiimoirJ, brought forth twuis, the one male, the other female. To 
soothe tho cries of the mole child, tho father used to apply lus loft nipple 
to tho infant's mouth, who sucked and drew milk from It in such 
quantity aa to be nursed by it in perfect gf^d hoolth. He treated all 
his other children, eight in number and &U alive, in the Minu' wav, 
always dividing with his wife the biudneas of nunung the clitldren and 
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taking care of their domostic cuncenu. But, what in very remarkable 
is, thai, cTer »iatx, he has had n constant flow of milk &om tlio left 
nipjile, whercaa in women it alwoj-s cenaes soon after they give up 
nursing. 

" The man haa been subjected to various trials, and esominetl vory 
fttcurutely by Messrs. CaatalJar and Cubnllero, physicidns and surgeons 
lo the army. Hie gemlals were partioularly inspected, but there was 
not the least appcamnce of his being an hermaphrodite, or of any 
difference &om othor men. The lymphatics, blood-veaaels and con- 
glomerate glands of his nipple presented the same appeurance which 
ttiej do in women. The father himself remarks that his nipples were 
more turgid, and that the flow of milk was more copious, of B whiter 
colour and thinner, when he suckled his first child than at the time of 
bis cxaminntion ; that at tho some time all natural excretions were 
nmch diminished, especially the sweat, to which lie was much subject 
before ; and that he had not the least appetite for vcnery for several 
months after, On Ihe 4th of March, 1788, in the ci(y of Cumana, 
before the commEindant of the town. Colonel I^scanolegui and the 
Lieut.- General Ballets, and several othere, Mr. Ixi/*na filled a spoon 
with the milk of the left breast, which was of a yellowish colour; and 
he drew a small quantity from the right nipple," 
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Inlroduetion. — Nature being pretty constant in the kind and number 
of the different parte peculiar to each species of animal, as abo in tho 
i^tuation, formation, and construction of euch parts, we coll everything 
that duviatcs from that uniformity a ' monster,' whether [it occur in] 
crystallisation, v<^etation, or animolizution. There must be some 
principle for those deviations from the regular course of Nature, in tho 
economy of eueh species as they occur in. In the present inquiry it 
is the animal creation 1 mean to consider. Yet. as there may be in 
some degree on analogy between all the three [kingdoms of Nature], I 
shall consider the other two Bo far as this anolc^y seems to take ploce. 

As every animal ia formed from a portion of animal matter endowed 
with life and actions, being either eo arranged in itself as onl)- to 
require new matter for it to expand itself according to the principle 
inherent in itself, — as in all animals produced from semen, deposited 
either in a womb or an egg, or whore any portion of an animal shall, 
out of itself, produce an animal similar to itself, ns in the polypus, — 
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these first armngeinents go on expanding the aniniul ut-tording to the 
first principles arising out of them '. 

^\Tiether the prindpleof monatrosityheooevftl withthefiret arrsoge- 
mcnt, or ariso in the progress of expan«on, is nut easily detennined in 
many [instances of monstrosity] ; but it is certainly not the case in all ; 
for many take place at a late period, and would seem to bo owing 
to accident, or to some immediato impression : but still there must be ft 
Husceptibiiitj for aueh, which susceptibilitj' moat he origimU. 

Moat pretematuml formations of the body which a monstor is bom 
vrith, arise, I should imagine, out of a defect iu the first arraDgom«nt 
of the original matter. However, it may be possible that accident in 
the womb or egg', or u dcfeet taking plitce there, might be a roeana of 
producing a double port, or might hinder a part from forming altogether, 
or [might eause] eren a prottimatunil formation. Probably Monatroaity 
might he reduced to the same principle as that of uucidental injmy, 
from which the ports cannot recover perfectly, but rwover defectively 
or with deformity. 

In animals, it may be a question whether monslers of all kinda are 
tut common to them in a state of nature as they are in the cultivated 
atati!. I should suspect not. Tliis wo are wriaiu of, that so far aa 
Bixo, shape, colour, peculiarity in the coverings, modea of defence, [>fec. 
are concerned, those] are all varied from the natural stale by cnltiva- 
tion. This is shown every day in domestic animals. 

Monsters are not peculiar to animals: they uro less so in them, 
perhaps, than in any species of matter. The vegetable [kingdom] 
abounds with monsters ; and perhaps the uncommon formation of 
many crystals may bo brought within the same spedes of production, 
and accoimtcil for upon the sumt; principle, viz. «ome influence inter- 
fering with the established law of regular formation. 

Munstera in Crystals. 

Monsters in crystals may ariso from tlio same cause, as mentioned 
in the ' Intrmluctlon ;' viz. either a wrong arrangemont of the ])arts of 
which the ciyntal is to be compoeod. or a defect in the formation, from 



■ fPnraphraw-. Eicr]ianiiiuiliifaniici)franik|KirdoiioraniiiiiJ niniiirr mi(lowi<(l 
willi U& HTiil aiilioiu. which u eitJin' prtxluDed {nm Nmm dcposlul In no egg. or 
from H )Utrt. or bud. of the ^mfciiU' bodv, hnnug in IkiUi cixtn ■ poirer of mpaiuiiaii 
if duo miiterinl be guppliwi. uid npiiiiliiig uwording to tho ongiuil priticiple of 
growlh piwuliw lo Uie »pode»,] 

■ [OuoSVoy St Hilum u uiil lo hare rioiId moniWn b; ooTnrliig pitrl or an rfg 
■ layer impenetrablii lo Uw aluiospluire during il« imabUian-] 
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the first setting out being wrong, and [the formafioTi] going on in tbe 
same [wrong] line. The principle of crystaUization is in the solution ; 
yet it requires more to set it a going, or into actinii, such, e. g., as a 
solid surface. The deficiency in the production of a true crystal may 
he in the solution itself ; or, I can conceive, that a very slight ciremn- 
stance might alter the form of a crystal, and even giro the disposition 
for one [crystal] to form upon another. Quickness in the progress of 
crystaUiEatioD produces irregularity and diminntinn in slite. Crystalli- 
Eation, moreover, arises out of the property of the parts to compose the 
crystal, and the effect is more similar to art than the increase of either 
a Tpgetalile or animal. 

Monsters in Vegetables. 

The formation of a rt^etable is, in its manner, voiy difierent from 
that of a crystal, although somewhat similar in effect. It tokos its 
rise from a peculiar modification of matter, having a power of action 
within itself, capable of changing matter into its own kind, and dis- 
posing it for the increase. Butthcincrease is somewhat similar to that 
of the crystal, for it is laid on the outside of the part already formed, 
increasing the size of the whole both in thickness and length, hut prin- 
cipally the last. 

In the vegetable Nature has not been so attentive to the constant 
uniformity in the formation, situation, and conatniction of parts, as in 
the animal ; and therefore such variety tt-more frequent than in tbe 
Knimal. Perhaps there arc few vegetables but have something of 
a variety in them, because they are bo\md to no regularity in the num- 
ber of their parts : biit they are pretty perfect with respect to the hod 
form of their parts' ; the parts, whether supernumerary or not, being 
pretty perfect in their form : for, in v^ctables, an exact uniformity 
was not wanted ; because all the ports have nearly the same use. which 
is not the case with animals. Each part in an animal has a use 
appropriated to itself; from which [circumstance] supernumerary parts 
become of no use, and deficiency is an evil. 

The frequency of this variation in vegetables seems to arise from a 
vegetable being at all limes under the influence of that principle which 
is capable of producing a variety when the immediate cause is present ; 
for this principle exists as long as a vegetable has the power of forming 
a new part, which is as long as it grows : because a vegetable can, and 
is always producing new parts. For besides the growth of the new 



' [Meaning ihat ihoj Bi 
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matter on the end of an oM bmncL, or that of new branthi^, there is 
every year a layer of new wood liiid upon the outside of the former 
wood. This new hiyer, when forming, hits the power of producing a 
new part, and never afterwards. Out off a branch, imd you will find 
that the new layer forming round the cut Bur&ec receives a atimalus 
arifiing from tho want of power to conluiue this part of the tree, 
which stimulus produces a new branch or branches. But an ori^miUy 
formed part never produces a monster or a new branch ; we never »p« 
a monster or branch arise from the cut surface of an already formed 
part of a vegetable. In a vegetable it is always in the production of a 
new part, not in tho growth of the old, that monsters rise up. If n 
vegetable meets with an accident which interferes with the natural 
growth, it then forms itself into another growth. If a natural branch 
decays, or is destroyed, two or three shall arise in its plaee, all of 
which are so many monsters ; and wo may observe that they are dmilar 
to the other parts of the tree from which they arise. If it is in the 
root, a new root is formed ; the same of a branch. They are only 
supernumerary parts ; and this arises from a vegetable consisting only 
of two parts, tho old and the new ; the one only a repetition of tlie 
other ; which is not tho case with many animals that admit of mon.- 
Btrosity. 

Many plants have a deficiency in their shoots. Hence a vegetable 
can be made to grow of a very different shape from that which it would 
have done naturally. A tall thin tree can be made to grow short, thick, 
and bushy, and vkt vera& ; but, still each new supernumerary part 
attwns the character of the tree and produces the same seed. 

The great principle of monstrosity in a vegetable relates to the con- 
stant proiierty of forming new and similar ports, and to a stop being 
put to, or a violence committed to, the natural growth of one of these 
parts. 

Monsters in Animals. 

As thejo are monsters in animals, let us see how far they are or are 
not reducible to tho aume principle iis in minerals and vegetables. Tho 
first formation and growth of theao are not similar to each other ; how- 
ever, tho vegetable and animal have the closest analogy'. 

I have observed that a cr^'stal forma and increasos according to tho 
naturo of tho parts of which it is to bo composed : and this is common 
to all Idnds of earth ; but I obaerved that a vegetable is formed of a 
peculiar modification of matter, and that rommon matter mnst bo first 
modified by the actions of the vej^tuble itself; and this matter i» dia- 



' [Hence Uie prewut received diriuon of Natun ir 
Kingdom!.] 
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posed on the external antface of the v^etable ; in effect, similar to tho 
crystal; bo that the vegetable works up itself. Animal growth is so 
far siinitar in being [seated in] matter of its own, formed so by the 
animal itaelf, and disposed of by it ; not by accretion as in the ciystal ; 
nor by disposing its own materials on the outside as in the vegetable ; 
but by on interstitial deposit of its own assimilated matter, by which 
the whole is expanded. 

An animal, like a vt^table, has a portion of ita own matter so 
arranged as to have the power of growth, and the fiiBt principle of 
monstrosity may have taken place in this first arrangement ; and what 
makes this very probable is, that most of the monsters are formed as 
early as we can observe any formation. However, this is not always 
the case ; therefore we havo monsters before birth and after ; which I 
shall consider further. 

Monsters be/ore Birth. 

The firat class of monsters in animals are those that are bom so. Now 
let us inquire in what respect is an animalvSomo time before birth, 
similar to a vegetable, or to tho parts of animals which have the power 
of regeneration after birth. We are to consider, first, that the life of an 
animal, bcfoj'o birth, is very different from what it is after. This differ- 
ence in the principle of life [before birth} comes much nearer to vege- 
tatioii, and most probably the ftirther back we go, this similitude is the 
stronger. I fancy in this inquiry WQ must go as fur back as the first 
formation of the animal, when the matter is moving into diflferent forms, 
riniilar to tho formation of a new layer or a new shoot in a vegetable ; 
for in neither animal nor vegetable are the parts formed at once. A 
vegetable is, at all times, similar to the first formation of an animal, or 
to the new formation in a b/ard'e tail. These [i. e. the growing branch 
or regenerated tail] meeting with obstnictiorLi to their [proper] forms 
readily admit of duphcation ; but I beliero seldom of more. 

That it [the principle of monstrosity in animals] is as early as the 
first formation, appears from the supernumerary part being almost 
always placed with the natural or corresponding one ; viz. two heads 
are always on the shoulders ; four legs ai'e always placed at the lower 
part of the belly ; a supernumerary finger or toe is on the hand and 
foot; &c.'. Even in the hair, &c. the monstrosi^ is similartothe 
original'. 

■ Thu, howerer. is noC uniTenally the caM, u I hare a joiuig du<>k wilh a foot 
growing out of it* head. [Hunt Pwp. Serit* of Monstera, No. 31.] 

' [S«e alio t]ie subwqu^nt 'tooM note,' p. 251. for further illustratiDii of this im- 
(lorlBnt principle,] 
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Ah far aa I have seen, supernumerary parts never exceed double the 
natural number. 

An opinion has been advanced that, where there are supernumerary 
parts, they have belonged to another or twin ; that the supemumertuy 
part was the only one remaining of one of these twins ; and that it had 
grown to the otiier like budding in v^etablee, or transplanting in 
animals. 

But monsters in the bird-class entirely contradict this idea. For, m 
the cicatrieuhi of the egg there never are formed two chickens ; but, 
when a twin is produced, it is from two yolka: we have, however, 
monstcra in chickens'. Would not the eircumstanteof asupcmumeiBTy 
part of an animal being at the command of one, rather contradict the 
idea of its being a pai't of another animal engrafU>d on the one pos- 
sessing it ? 

As the first principle in a fostus is the production of new parts, anil 
as it loses that principle as these parts are formed — afterwards only per- 
fecdug them — we are to study the foetus [in reference to the principle of 
monstrosiiy] at as early a stage as possible, and consider bow parta 
may be badly formed, how they may be increased in number, or how 
they may be diminished. 

A part having the power within itself of elongation, will have the 
power of varying in that elongation according to eircumstanees ; there- 
fore a bead not yet formed, but only having a disposition to form, may 
by some Occident be disposed to be formed into two beads, and the 
same with every part of the body. 

On the otiier hand, that, or any other part, may lose the dispoaitjoa 
to form at all, and [the fcetus], therefore, be deficient in such part : or 
the disposition in the part for growth may be imperfeut, and then there 
is no knowing what form it may be of, just according to tlie nature of 
the imperfection. 

A deficiency and a mal-confonnation are much more easily nonocdved 
than the formation of an additional part; for, in tfao first, it may bo 
owing to a part's dying outright; and, in the second, it may arise &om 
a part's dying in part, or irregularly, by which means the living parts 
will shoot out irregukrly. 

Wo have one part dying [as to function] when we come to full 
maturity [qu, old age], viz. tlie testicles. Now if these were to die 
before birth, the fojtus would be reckoned a monster ; therefiire, as we 
can produce monsters with supernumerary parts Iwitb before and aflfir 
birth, we may reckon them as monstrous deficiencies after birth. 
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Of Momtrosiliea after Birth. 

These occnr only id certain classes of an i mala, and m pardcular ports 
oi* these clufiaes. Under whut circumstancett ore theee parts different 
from other porta of the same animal 1 Or, in what do they differ from 
aniinuJs in general? Or, in what respects are they similar to the vege- 
table? These parts are such as, when reraovcd, grow agmn. This 
circumstance makes them different from every other part of the same 
iinimal, and also from every other already formed animal ; and in this 
respect ttey also differ from the vegetable*. 

It is this property of new growth in these parts that gives them a 
capalrility tu form monsters in these parts, which the)- readily do : thns 
we sec in a lizard, which, having lost its tail, has the power of gene- 
rating a new one, that in such we often find a double tail, arising from 
the broken part ' ; similar to two or moro branches arising from the edge 
of thociitsiirfaco of a branch removed [from a tree]. Liiards therefore 
have two or more chances or periods in which they can or may form a 
monstrous tail ; for they have the first formation common to all animals, 
which should be called the first groiilh ; and they have the octidental 
caoses of a new or second growth, all which are duo exactly to the samo 
prindple, viz, a new formation of a part. This, however, arises fiwm 
an obstruction to the formation of one tail only ; for, if the part which 
b to form the tail be slit hut a very litUo into two points, these will 
form each a tail ; so that an obstruction to the natural disposition 
becomes the cause of another taking place. I have soon this disposition 
so strong in the tail of the lizard, that a wound on the side of the tail 
has givun the disposition for a young supeniimierary tail to grow ont of 
the woundt". 

This sort of monstrosity does not take place in all the part« of animals 

* It uiaj be remarked ihiX there la a difference iu the setting oat of Ihe joung 
■hoot. In the vegetablH it ia Irom the circiunrerencei or from tbe aev forming parts ; 
but in the imiiiial it in troia ihc cut end. This cut or broken end is exactly dmilAr 
lo a bud trhirli » elongntiDg. 

t It mBT be remarked that in lJ]o«e liianls that have the poirer of regenerating 
the t«l. tbo tailia ao construfled M lo admit of a regular breaking off. The tail is 
in regular rings, and rendilj breaks off at each ring, and the musclee break off at 
their origiua and inserliont, ao Ibnt the broken end is rery regular'. The Beparalioii 
is ao eanlj effected, that if a liiard be caught b; tbe tail, it will leavu it in your hand 
by the strength of tJie animal onlj. 



' [Hunt. Prcpa. Pbya. 8eri«, Nos. 221^-3223.] 
' [Hunt- Prep. ib. No. 2210.] 
' [lb. No, 1-212.] 
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wbiuh have the power of regeneratioD ; fur tba lobster which casts bis 
cUw, does not produce monatera or double claws. I am not, however, 
certain of this'. 

Monsten hereditary. 
Uonsters, or the deviations from the common couise, or what may be 
called tho original principlee [typee], in natnre, have in them an her«- 
ditary principle. We may first observe that animals, not moastfia in 
themselves, shall have the principle of producing monsters. I have seen 
three ' Bpinee bifldte ' in the children of one family : in another family only 
having two children, both these had very large esostoees. I have aeen 
two hair-lips in the children of the same parents. Dr. S. Pitcaim uHd 
me that tho two tallest men he had probably ever seen were twina. 
They both came and enlisted themselves at Chatham in the train of 
artillery. One was six feet seven and odd inches, tho other six foot five 
and odd inches ; so far they were amilar as to size. I have seen two 
watermen, twins, both stout men, and so like each other that there was 
no knowing which was which. Hence it is reasonable to suppose there 
was a disposition' in the parents to beget such. We find, also, that 
such monsters, once formed, have the prindplc of propngating thoir 
moufltrosity. Thus I have seen a lady who had a hair-lip, and had two 
children bom with hair-lips. Lady H. P. was bom with a hair-lip ; 
she had a brother bom with the same, bat who died when young ; and 
her firat child was bora with one. A cow was brought to London for 
a show, which had a supernumerary le^ upon the shoulder, which is b 
very common monstrosity*; but the curious circnmstancc was, she had 
B calf with the same monstrosily. Mr. Hudson, Apothecary in Panton 
Street, well known in the Botanical world, has a breed of cats without 
toils. Tho breed was first discovered in a farm-house iu tho country. 
The owners of the farm had forgot how long the tjiU-leBS cats hod been 
there. Ur. Hudson has hod several families of them, and the lost 
iaoluded a variety, some without tails, others with short tails, and others 
with tails of a common length. It is more than probable that this 
breed arose from a kitten being brought into the world without any 
tail '. Sii' C. C. had but one testicle that hod come out of the abdomen, 



' [The Editor hu leea • cue of doublp pinoer-tUw on one «idi) of a lobator ; tlui 
two of that aide oqualliiig logcthi^ iti bulk Ilia singUi uonual olaH of tho iippoatU 
•ido. The nntlen of drer offer in«anom of mnnitroutiM ofloiuriog after birth.] 

' [Bf * dupodtion,' Huuhir Iibtw aifiTiiilM the inhnwit udoouhluus Umdnicj.] 

' [Kant. Prejia. Saita at UoniUnv, So. 28.%) 

' l^erj likcilt; Init wlic^cv Uul Inil-ItiH kiltsnT In Uie -SariiMur Uonilen.' 
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whitb was on the left side' : he was a married man, and had three fine 
children. This one [scrotal] testiclo became cancerous, and was ex- 
tracted ; but the disease fell on the glands of the groin, of which cancer 
he died. His 8on, afterwords Sir C. C, a lad of about eleven or twelve 
years of age, died of a eomplaint in his lungs. I opened him, and 
curiosity led me t« examine the acrotum, and I found but one testicle 
there ; it was of the right side : the other testicle was in the ring. 
Was this similarity to the father accidental, or was it hereditary ? 

How far sitpemumerary parts are affected by the will. 

Supemumerury parts may be so complete in their formation, as to 
become in some degree a part of the whole as to use. If such super- 
numerary part be endowed with powers of voluntary action, it is used 
at the command of the will. I have seen a monkey which had two feet 
on one leg (but which were rather two hands, each partaking much 
more of the hand than a foot)' ; they, as it were, came out from one 
tarsus, with a kind of division in the metatarsus ; but with only one 
thumb, which was on the inner side of the inner hand. The tarsus 
of course was broader than common. In the muscles on the leg which 
move the foot and toes, there was a strange jumble. The ' tibialis 
anticua * appeared to make the ' extensor radialis ' of one of the hands, 
and the ' perontei ' made what could answer to the ' extensor ulnaria ' 
which went into the outside of the other foot. The ' extensor poUicis' was 
pretty regular, for a foot, as also the ' extensor digitorum communis ; ' 
but, on the outside of these, between them and the two ' pcronmi,' were 
extensors to the outer foot, or hand, which were peculiar to it. The 
' gB«troonomiu8 ' muscle, which rose as usual, was inserted into a bone 
which might be reckoned either as 'os calcis' or 'os pisiforme", and 
made either an extensor of the foot or a ' flexor ulnaris.' There was 
nothing that answered to the ' flexor radialis ' of the fore-arm. 

As these were two pretty well-fonned hands, had full and free motion, 
and the animal made ready use of both, I found that the sciatic nerve 
of this [left] side was larger than in the other [right side] in proportion 
to their differences. This would make us suppose that it is not necessary 
that the constitution of the brain should perfectly agree with the consti- 
tution of the body : the brain being calculated for a more compound 
body than what it has ; because a new part, having the powers of 

' [That is, he hod one 'turotat' tMicle, snii the oUicr 'inguinal,' or perhaps 
abdominal. ] 

' [On the left icg : tae llie prepantian, Hunlerian Scries of Monstore, No. 270, 
■ Catalogue of Moniteri owl Malfo^n«lioD^■ 4to. p, 76.] 

' [Perhaps the earliest reuorded idea of Ihia ' »eri»l homology.' ] 



OKNKBATIOH. 

acUon, must produce uu actduu iu somu conunoQ ^srt u( tli« bmiii, in 
order to put it into motloD. 

Do not moiuters show that the Ruud and the formation of tho body 
do not neccsaarily correspond? — that iti to say, that the formation of 
the mind does not arise out of the formation of the iiarts : fur 
although the body may be strangely formed, yet the mind, if property 
fornii'd. shall hiive all the natural dispoeitiona for the natural actions of 
the body ; just as if tbo body had been perfectly formed in oorrespond- 
t;nce with the brain ; but as the parts arc not formed for euch action, 
they cannot be I'omplicated. My moiiBtrous horse, although the pooia 
stood out behind, when erected, and did not eomo along the belly, yet 
leaped u|)on tbo mare to cover her, which he certainly would not hare 
done if the instinctive principle of action had arisen out of the q(M- 
structiott of the parts. 

Are particular Species subject to peculiar Monstrosities'! 

It is moro than probable that monotere are eommon to every animal ; 
at least it appeara so by all those we are onjuainted with. Prom tho 
rarity of any pe<:uliarily in the production of malformations of any p^r- 
ticuiur kind of animals, one would be inclined to believe that iJiero in 
but one principle governing tljeac foiinations. However, there are 
aumc animals that have u species of malfomiution pccidiar to them- 
selves, vit. the elephant-pig ', which I never saw belonging to any 
other animal'. 

Classification of Monsters. 

Of monsters there are two principal classes, \\^. Duplieitj of I'nTta 
and Deficiency of Parts ; and there is a third claaa, vit. Bad Forma- 
tion, The first is. by much, the most frequent*. 



' pOie nulforiuBticni alluded to ia lui B|>pendiiiga to the fstv like ■ probcwu, wul 
U aiiutfnUd in the Hiinloruui CoUertion by youi.e «[)«rfiuBin of SuiKrofa: »a« 
Hunt Prvpa. Serin of UoiiitCTe. Koa. 16(^162,] 

> [Sir Hins Slouie pomeued one Buuh in Un huin>n aubjix't, wliii^li, vitli trthw 
uiBtomical tpocimeni, woa truurnrred IVom Uid JJritiih Muwiun to tbo Muamim of 
Ihe BojbI CoUegc of Surgeoni. Il is no* No. I.i9. ■ Cataluguc of Monsltn ind 
Mslfornii'JO"'.' 4lO' P- ^''1 

' [The apediiwiii of monMcn uid mBlfomutioiu in Uid Uimtoriui CollcMion 
were amuiged bj ita founnlfir under Hid following lieada: — 
1. PreMmatuiBl nliiWion of psroi. 
XI. Addition of p«M». 
III. Dtrflcieui? of pirto. 
IT. Comlnned wlditioii and dcfloieni^ uf port*, u in licmiapIiroditioBl mml' 

fomtBlinii. 
For oIImt cliuaifiaHioa* prior »nd »ul»«|iifiit to tlio tiino of Iliintor. tuf fay 
■Notv' to Uio Paper on (lie "Knnordinar; fhniMiit," iu iJu ' inkuud liuouBUij.' 
«l. 1937. p,<l.l 
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In treiiting of Monsters, it eunnot bo neeessiiry to give u miuute 
ilewnptioii of nil the [iret^matural formulions constituting them ; 
because many of their parts can explain nothing witli regard to their 



formation, < 






D genorul. For example, a euper- 
.0 it, eaplaina nothing in 
; two stnraaRhs explain 
lothing with respect to 



1 economy ii 
r leg having veeeels and nerves g 
respect to cither the use of vessels or d 
nothing in regard to digestion ; two hearts i 
the circuhition ; and so on. 

However, some of their structures may explain something in the 
phjnology of the more perfect animals ; just as the ' weight ' in u 
dock might explain the aso of the ' spring ' in a watch, &c. ; and, so 
far, it is right to exnmiite them. The only thing which they would 
tend to throw any light upon, is the principle of animal life. One 
brain with two systems of nerves — two brains with one aystem of 
nerves— no briiin at all — no mediiUa spinalis, or the conunutiication 
t)otweeii the hruin and the nerves being cut off, — such monstrosities 
may explain a good deal with regard to the life and Bcnsation of the 
animal. It perfectly explains- the two states ; viz. that before birth 
and that after: both of which are of considerable conseqneccc'. 



On Hermajihraditigm. 

The parts of generation in animals being of a peculiar construction, 
and consisting of two ojiposite mechanisms, called the 'sexes,' we may 
suppose two very opposite principles [to govern their formation?]. We 
find that a degree of accuracy in this construction in both sexes is 
necutsary fur the intended use. But these parts arc as subject to mal- 
formation as is any other part of an animal, and they are subject to a 
monstrosity [to which] no other part can be well subject ; vii, a union 
of the two sexes, called ' hermaphroditism,' which is the most common ; 
and the parts of the one [sex being] formed Ukc those of the other, 
which is another kind of hermaphroditism. We have ' natural herma- 
phrodites' which may also admit of monstrosity: but this is not so 
easily ascertained ; for we can make out the different parts of the sexes 
in a monstrous hermaphrodite much better than in the natural one ; 
because we are perfectly well aequainlod with the parts in the instances 
of their perfect division, as in the distinct sexes ; but wo are not so 
well acquiuatod with the distinct parts in the natural hermaphrodite ; 

1 If. t. ihe dpUiuUioti of tlia reUlioiiB of the monatroeity \o bolli slalw in of 
Titlue in phfuolugy : Ufa aiid grawtli going on under the ■boiD-i.-il<id ttislfonno- 
timw. ill utfrii i but luliKqiieilt oir-tneaUung hfe requiring more perfcL't ooudiUoni 



2MI ORHBBATIOII. 

beomae they are Dot somilar to thoae in the distiaot sexes. If we could 
hare a monster from a natural hermaphroditeT in which the ports of onv 
or other of the two sexes only were formed, then we might make out 
the porta, as they are combined, in the natoral hermaphrodite'. 

There are all degrees of monstrons hermaphroditiral formations. It 
may be in a Hmall or great degree in ereiy part pecnlior to the dietiiic- 
tion of the scxm ; or it may be only in one of the parts which distiii- 
guishes the one sex from the other. The occurrenc« in one sex of a 
peculiarity of the other, may be of three kinds. The first is a simHatity 
of a whole that is common to both sexce, snch as the body gene- 
rally, but which has, naturally, a shape peculiar to each: for example, 
when a woman is shaped lilie a man. or a man shaped like a woman. 
The second is a similaritT of a part which is common to both sexes, 
but which has naturally a fdze peculiar to each ; as where the ' clitoris' 
of the female imitates, in taie, the penis of the male ; the breast of 
the male imitating th&t of the female ; the spurs of a hen imitating 
those of the cock ; a hen crowing. &c. The third ia whore the peculi- 
arity of one sex is added to the other ; ae an avsriiua addtd to a male, 
or a leatiB added to a female*. 



Loose Notes and Queries on Momters. 

A child, bom at Brownlow Street Hospital, had what I should hare 
called a divided scrotum, and the penis lying between the divisiona; 
but it turned out to be a female. The extenud parte were the two 
lubift, which were corrugated nearly transvereely, 

The natural structure of some parts of a fatus are very different from 
those of the udiUt. These ditfcrences belong to the vital parts ; they 
are adapted to the different way of life of the same animal [in those 
different states ], and con be accounted for mcchotii colly. But witst is 
very HurprisiDg and unaccountable is, that fcetuHc« can live, in that 
Htate, with ill -constructed parts, such as are uiuintural or uncommon, 
and not particularly adapted for that state, and yet they cannot hve in 
another slate. Tliose are monsters; particularly those whom vital 
parts are dcibrmed, dofectiTe. or with superaddition. 



■ [Ths diTcnitj of upiiiHiTu, in laler roTDpantiTB anahnnuts. u lo lite iintiire nf 
lli« wveral porta of tl» oombincd mitl* and fonuln orguii in tba outhvorm uid 
mail, ■bowi how truly Hunler appreciated the diffimill.} of thnr tlrtimiiiiBtion. 
lli» pr»p«iiliuii» Ko«. 22fti-S3l.^, ihowitid fllaborata diaaectioiw of tyneim of /.uw- 
hrkvt. Helix, Liatnm. Liniai, lur.. toatify to Uw jiaiiia Iki Imiloirml on lli« invaatiga- 
tion uTUis -natural bertuapluudilaa.'] 

' [HtrienjI iiaotlaw, Prap. No. 230, 'CaUltvurufMoiuUn.' 41a. p. 6a| 
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Now, why these foituMes should live and come to full growth, ex- 
cepting m to the jmrt which may be deformed or defective, and not 
live otter birth, is not easily explained. 

t should imagine that monBt^rs were formed monsters at the very 
finrt fonnation fur this reason, that all siipemumerary parts are joined 
to their nimilar pfirts ; for example, a head to a head, &c. ' 

But monsters, in some cases, may be said to bo accidental, bb the 
bom growing out of the forehead of the ox or cow '. 

Is not tho forked end of the fang of a tooth a species of monstrosity ? 
and does not the manner of its formation show the nature of mon- 
Btere, vii, two &nga being formed from a preternatural process taking 
place? 

Wo often find in the human body an appendix or proeeas passing 
out from tho small gut ; and I belieTS always from tho ileum. In the 
year 1763. 1 foimd one of these in a body sitfrnted about one foot and 
a half from tho cttcum. In the same winter I found another ueariy 
three feet frum tho caecum*. 



DovbU-headed Snakes. 
America would seem to abound more in double-headed snakes than 
any other country. 1 have heard of scTeral, by gentlemen who have 
been there, and I have two from that country in my possession" ; but I 
do not remember to have heard of any in other countries. Both those 
I have heard of, and those I have seen, were small, not large or ftiU- 
grown ; therefore we may suppose they are not long-lived, but they are 
old enough to prove that they lived for some time after birth, having 
ato, inc., and that their death was owing to their having been caught; 
and that therefore they would have lived longer". 

' [Hunt, Prep«. Serie* of Monstere. Noa. IfO, Iil4, 3)4. The «boTO ' Note ' wsi 
pfobobly penned bIIot the roception by Eauter of the letter dated KUrcb 26, 
1790. deteriptire of tbe child having a second hsail. reverwd, sad ittocbed b<r the 
Tirtei to that part of its o<n) proper head. See Fhilowpbical Tranmctiuiu, 
vol. Ixu. 1700, p. LfW.] 

' [Hunt. Prep. Series of Monstfrs. No. 371. ■• Tho hcoil of a cow with hd addi- 
tional horn growing from tbe Mntre of (he forehead. At!.," ' Catalogue of Mo<uter«,' 
4to. p. 7r..] 

• |Ih. So*. 295-298.] • [lb. N» 32, 33.] 

^ [Mr. Rembnindt Pule of Philadelphia, when in London willi the skelpton of 
the Maitodun in 1802, told me tliat double-headed maliee were bo frequenll^ met 
wilJi in Amcrio, that thej eonudered tbem a« »|i«;iea, and not «a monalere : but be 
dirt not reoollnrt if ther were mmilarlj marked. I'hero were aeveral s 
hia fiilhei-*« miun'iiin at Philadelphia or New Tork.— Wk. Curr.] 
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OBSERVATIONS ON PSYCHOLOGY. 
On Comdouanesi. 
What U lueunt by * uonat^usness ' is, aa impreesioa of the niind of 
our own cxietenoc at the time, or rather of the existence of the mind 
and of its actions: for, I suy "I am coneciona that I exist;*' which 
can be only in thought : for, that I exist in body, cau only induenc« 
the mind by its being Beneiblo of the prosonce [of the body], ns it may 
be of any other body ; for, although it feels ito own body, and is oon- 
aciouB of it, it can aleo be made sensible of another body and ia con- 
Btaous of that also ; therefore both (acts of consciousness] refer to the 

We can remember our being conscious of such and aueh tilings ; for, 
we also say, that " I am conscious I did think ;" that ia, I have a dear 
eonteptiou that I did think. Wo also recollect what we thought about, 
and how. I say. '* I thought honestly, and tberoforc acted accord- 
ingly ;" but without a proof or sensation of it : for consciousness in th« 
mind is totally different from sensation. 

Therefore, when a man is conscious of a thing, he cannot be said to 
be sensible of it ; for an act of the mind is not sensation. Conscioua- 
ness is an act or impression of the mind which it cannot deny. 

A man 'a feelings of himself, or consciousness of his body, is not sen- 
sation 1 for, when I was ill, my own feelings of myself, with regard to 
siie, was [that I was] only two feet high, while the sensitiTO or the 
reasoning principle told mo 1 was as tall as usual. 

Consciousness is a conviction of the osisience of one's self, or it u a 
feeling of itself, bat is not sensation ; it is the reflection en one's otm 
existence, both as to personal existence and the existence of the mind. 

Being conscious of a tlung, is the sbongcst impression that can bs 
funned on the mind; it is the act of the fidl powers of the mind, and 
is that which lasts, or constitutes memory. We often think of an act, 
and sot about it, but in part foi^et it ; and we go on with the act 
without being consdons of it ; and if no fircumstancc or effect toils us 
that we have done it, we do not know that wo have done it. A man 
shall remember to wind up his watch, and xhall set about it ; but 
another thought shall interfere ; yet ho stiall go on winding up the 
watch, put it into his pocket, and immediately shall ask himself whether 
he wound it up or not ; he only remembere his having thought of it. 

If he was to tliink of talking off liis sfaoew, anil auoUicr idea should 
come into his mind, but lie stiU sliould go on inking them olT, ho 
would not need to think whether they were off or not, for ho would 
immediately find them iff ns soon us he thougbti 
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We oflen uvt without being oonacioua of it ; and that often arifiea 
from hahit, and often, in a promeditatod action, from the mind having 
loBt ita consciousness cpf the premeditation. 

In another case the effect of the action shall not be esEtctly what 
was premeditated. For instance, I intend takbg nomething into 
another room or to some person ; and, insteud of the thing iot^ndtd, 
I take something else very diiferent, a nomething probably I should 
not by any means have taken. This is what is called ' abaenoe of 

Consciousness may aiise in conaeqaeace of sensation, but not from 
demonetratiTe sensation ; for consciousnees haa always a relation to 
ouraelves. All animals may be said to have consciousness, but cannot 
be sensible of it. 

Sensation and demonstration ore absolute and the same, and stand 
tbc first in order of evidence ; they are that to which everj'body 
gives assent. Perhaps conviction is the next or second [in order, or 
degree of certitude], and belief the third; but these three have a rela- 
tion to other bodies. Conviction is an impresaion on the mind which is 
equal in that mind to sensation or demonstration ; therefore it is not 
necessary first to produce sensation or demonstration. To produce 
actions will be according to the circumstances that become the cause of 
conviction, whereby our causes of actions, and our actions, are increased 
Iwyoad what they otherwise would be. 

A conviction of the tnith of any proposition is the same as feeling 
the force of any ailment or proposition ; it is a perfect belief. 

Belief is another impression of the mind, which is another substitute 
for sensation or demonstration, and which becomes also a cause of 
actions ; hut the impression is weaker than conviction, and is that which 
the mind or the reasoning faculty does not insist upon, as it does in 
conviction. It arises from a conveyance to the mind uf a something 
that la supposed to exist but not demonstrated, only possible or pro- 
b»blo ; it arises from reasoning, and it is more than probable it is pecu- 
liar to the human species. 

The first, or sensation or ' demonstration.' is absolute ; hut the second 
or ' conviction,' and the third or • belief," may or may not be so. Con- 
viction requires the greatest evidence next to demonstration ; and con- 
viction is a greater degree of belief. 

Consciousness generally relates to onrselvea : it is not similar to a 
conviction of, or a belief in, other things. 

It is of two kinds : one an acquired feeling, as " I am conscions to 
myself that I deserve it ;" or, what is weaker, " I beUeve I shall get 
'» he cimHi-iotis oiii' haa done n irrong tiling, would appear to 
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belong to some brutes: b dog when he has done & wrong thing tiUows 
sigUiS of it. 

The other [kind of congdonsneflBJ is a natnrol or inatinctiTe feeling 
or tmpreeaion ; for coneciousncsB is not only a relation betveen me anil 
some other thing as above stated, but hna the same rolation to the body. 
I am conscious of my own strength : I am conscious of my own wmk- 
nees : wc can even cany this so far as to say ve feol our own etrengith 
or weakness. All animals have the same consciousness relatiTe to 
themselves, which becomes one of the instinctive principles. A home 
will not take a leap that he is not capable of perfcirming : he is con- 
Hcioufl he either can or cannot perform it. 

How fur these two [kinds of consciousness] are the same when tfaoy 
do take plara I will not at present say ; t cannot separate the impree- 
siona themselves if they are sensible, although I can the causes; bat 
their effects are so much slike that they would appear to be om prin- 
ciple. They produce the same degree of confidence and the same degree 
of timidity. Confidence in the power assists the will : the sense of a 
want of power becomes a proper check upon the H-iU, 

This self-consciousness not only regulates many of our natora. 
actions when in health, but the actions of the machine while under 
disease, both in the whole and in a part. We have an internal monitor 
of our powers, and we use them accordingly. This is often so strong 
that many know they are dying, — a thing they cannot know fh>m eixp«v 

This principle is even remarkable in parts that ore diseased. I do 
not mean the active portA themselves, as muscles : for in such the dis- 
ease might render them incapable of action, and of course no action 
could take place ; but this consciousncBS of inabilily in other p«irta to 
support these actions, is a fact which can arise from no other principle 
than the effect or intelligence given to the mind of the inability of the 
part to support the action. 

For instance, if the tendon of a muscle be broken, the breaking that 
tendon does not alter in the least the nature of that muscle, as a muscls ; 
but, whUe that tendon is incapable of supporting the action of the 
muscle, that mnscle will not ut:t, and the mind is conscious of it ; and, 
as long as the mind is in possession of this feeling, the will has no 
command over such muscle : but, as consciousness can only exist when 
we are awake, the mind, which is awake, while we are ariw^, can and 
docs pntRuch a muscle into action'. The- some thing happens when 

' [We alioilld now nj tliit, bccDuw the mind ii tiioe\i. tmy tttmutiu nriting to 
involunUr; or reflci Brtion. opcratoe hj the WBkeful ' Knaitive principle.' ■mcliK'ttii:). 
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the mind acta matin ctively. as when we are falling; the mind, then, 
immediately employs such muselea as are necessary for prescrration ; 
and, if this mnscle [with the broken tendon] is one of them, instinct' 
lays hold of it : and the will which is checked by conadousncBS has no 
share in these actions, when the muscle is instincti-vcly made to act. 

A stiildng instance of thia happened to myself when I broke my 
' tendo AdiilUs.' ^\'hilp the parts were in a state of inflammation, &c., 
I, of course, did not endeavour to act with its muscles ; hut, when that 
inflammation had subsided, I found I had no power to act with the 
muscles of this tendon ; and even when union had taken place and 
appeared to my senses, and of course to my reasoning faculty, to be 
pretty strong, yet I had not the least power to raise myself upon the 
toes of that foot ; not even to make the muscles act upon that tendon, 
I endeavotired [to make them act], but to no effect ; and the future 
power of the will over the action of these muscles was so gradually 
acquired, that I was convinced it arose from a consciousnees of the mind 
of the inability of the tendon to support the action of the muscles, and 
all my voluntary powers were not able to counteract thia impression. 
But I found that, in my sleep, I often hurt the young union of the 
tendon by the action of its muscles. And what was the worat, I fell, 
and trieil to avoid as much as possible the instinctive action of re- 
covery, hut could not wholly do so ; and the consequence was that the 
muscle acted and strained the young union very much. 

This effbct I have seen a number of times in strains in the joints ; 
where mechanical strength was not in the least impaired, yet contrac- 
tion of the muscles of that joint could not be caused by the will. There 
was that kind of inability as if the muscles had been in some degree 
paralytic, and which is expressed by the patient's weariness in the 
joint ; although the real weariness is the inability in the mind to stimu- 
late the muscle to action, from a consciousness of the impropriety of 
that action. The same thing takes place in fractures. The bone of 
the leg shall, for instance, be united, so as to have its mechanical 
strength as much as ever ; it shall give no pain, yet the person shall 
not be able to put any stress upon it when put to the ground. Pres- 
sure would hurt the economy of the part, and therefore there is a con- 
sciousness of it. 

Perhaps what T have called ' universal sympathy,' such as the sym- 
pathetic fever and the hectic fevor — ^two constitutional affections arising 
from local iiyuriea — may be a species of consdousneas, not of the 
mind, but of the whole body ; it being conscious of the state of the 



' [T!ii» iCTm shows iho doubln seiiae in whicli Hunter luei the word ' mind.'] 
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pints. The firat [sympathetic fever | ii 
done to a part which disturbs the whole : the aeconil [hectic feTer] is a 
conseiouiineas of a local complaint, as if the parts fell themselvm 
unequal to sustain it ; whereby the consdtutiou ia teased into an Bction 
of which it cannot relieve itself. 



Of Hie Mind. 

The mind, or sensitive priuciplo, is afforted by objects which ranlcp 
impressions, which impressions make an alteration in tlie parts of 
sensation, and according to the nature of the impression so is the mind 
affected. If wo see a man dance, the variety of actions produces the 
same variety of impressions, which imprea^ona have simply an efilect 
upon our minds, If it is a !i\-ely or quick dance, and not joined with 
distortions (which equally aifect us), wo feel lively ; if it is a grave 
dance, we fuel grave. The effect of the motion wimpiy of other bodies 
upon our minds arises from an original pmperty in the mind to sym- 
pathize with the cause of those actions, and to put itself into the same 
state in which the mind, or cause, is in which produces them ; (or, 
when the actions are various, the impreBsions are so, and the effect of 
these impressions is an inclination to put the body into such motions. 
This facility of a mind to be put into such a state by such impressions, 
will olwaj-s be in proportion to the natural turn of that mind ; so tliat 
the state of mind, which is naturally desirous of putting the body into 
certain actions, ia also capable of being affected in the same degree by 
similar actions in another ; so that a lively mind produces lively actions 
in the same person, and lively actions in another are capable of pro- 
dncing an inci-case of this lively mind and action in that same person. 

The mind is not onlyaffected according to the simiile impression, as most 
probably is the case in brutes, but from ex|)erienco, and association of 
other impreiwioiis or ideas with the present, it arrivee at the cause of 
the actions wliich produced those impressions; and this always pro- 
duces a stronger effect than the simple impression. So that an effect 
of the mind on the body is capable of producing an impression on the 
senses of a second body, which shall make the mind of that soivmd 
b«ly foil into the same state with the first or original mind, which 
shall produoe the ssme actions in that second body with the first, and 
they shall all act in concert. For if the mind of the receiver attends 
to the causes of tlieso actions, while the cfl'pcts of these canses are 
producing their effbcls upou that mind, then tho mind is still more 
afft-ct4>il ; and thu dfwl which arises from reflection is much «tronger 
ihun ihal urisinK from mmpli* seniwlinn or imprwwon. 
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^MmtcyGr actiona affect the mind conaidcrably, and moie especially ii' 
the affdction be joined vith reflection, they make in some degree a tast- 
ing impression on it : or the mind more eafiilj I'alls into the same state 
upon the simple recollection of the action and of ite cause and effect. 
Indeed, there ore in this affection a great variety of relative circum- 
Btancca, which are so many heightenera of the effect : and the mind 
will fall into the same [state or affeetionj although the cause and elTeeta 
are now become so weak aa could not of themselves produee the original 
effect upon the mind : so that the mind now falls into that state merely 
because it fell strongly into it heforo. For instanw, a man shall be 
strongly affected by a recent event and all its relative circumstances, 
&c. Simple recoUetition of those circumstances, or, what would be 
still stronger, if be be put into nearly the same situation as when the 
event happened, n-ithout tta taking place, the state of his mind will be 
nearly that which it was in ut lirst, althuugh the original cause does 
not exist. Por instance, a man shall be strongly affected by the death 
of a friend; and, more so, if there are at the time a great many 
relative affecting circumstances; such as tho grief of other people, &c., 
to heighten the distress. But let some time elapse, and the trae state 
of the mind will become really indifferent about the death and all its 
consequences; yet that man shaU very readily fall into the same 
state of mind upon a relation of tho eircimistances, that made the first 
impres^ons, especially if in company with those friends, &p. 

The mind is often in opposition to itself; one state of mind, if strong, 
shall get the better of another state which is weak, or the stronger state 
shellnotallow the weaker to rise; although the mind is so circumstanced 
at the time aa to have one state raised, if the other state which is stronger 
had not already taken possession of the mind, or driven the other out. 
Nothing could show thJH bettor than two interesting facts which took 
place within myself, both happening at the same time. I went to sea 
Urs. Siddons's acting. 1 had a full convictioa that I should be very 
much oifectod ; but unfortunately I had not put a handkerchief in my 
pocket ; and tlie distress I was in for the want of that reiiuisito when 
one is a crying, and a kind of fear I should cry, stopped up every tear, 
and I was even ashamed 1 did not, nor could nut, cry. 

What we think of when awake, we only see in the mind's eye ; but 
what we think of when asleep api>earB to be an oliject immediately of 
the senses. The objects in the mind's eye, when we are young, are 
almost re-al : we then can hardly tliink without the object presenting 
itself strongly in the mind ; and If we connect a few of those ideas 
together so as to make a little train of thinking, it is almost like con- 
necting real object* together- 






25R PSTCHOLOOT. 

M'e are yoiy apt to go back into the same etato, ["as in drcnming or 
childhood] when there is a slight tendency to delirium ; it may inde^ 
be one of its first syroptoma : [also when the] brain is slightly dta- 
turbed, HS by a fit of gout. Ac, But as we become used to see 
objects in the mind's eye. snd to connect these objects together ao 
as to Anw conclusions, ne loec the strong imprcsnon of the object 
on the mind ; we hardly know it made an impreesion on the mind. 
We can connect imaginary objectH, almost without seeing them, in 
the mind ; just as wo can work in the end at any handicraft, almost 
without seeing or hearing what wo are doing. When we begin this, 
every object — every connexion of that object — is a fixed and deter- 
mined one in the mind; and the hand is obliged to be dire^.'tcdin erpiy 
mm-ement by the mind ; but, at last, the band secnifl to leave the mind, 
and appears almost to go on of itself. 

It is the same with the mind when it reasons : at first every object 
in the mind, not immediately an object of sensation, is almost realiiedi 
and seems to be of consefjnence : but as these objects become thmitiar, 
the impression is sligbt ; and the acts of thinking and reasoning are 
done with so much ease, that the same mind is hardly conscious of 
them ; for without being first conscious of a thing no remembrance of 
it can exint in the mind. 

In many persons the mind hardly ever loses the susceptibility of b 
lively impression, and therefore they conceive such to be more than 
they really are ; and I believe that such as have a lively imagination 
move quickly from object to object. This I believe to be a state of half 
delirium : I have felt this when much affected. Whatever I conceived 
in my mind became, at such a time, almost a reality. 

Simple ttfiections of the mind are those that are not immediately 
connected with any one particidsr action in the body, and which pro- 
bably affect all actions alike ; except there be one part fof the body], or 
the actions of some one part, more readily affected than other ports 
by such simple affections of the mind : which 1 can readily conceive to 
happen, and, indeed, which I know to be true. Urs. Hntchius, for 
instance, was never much affected in her mind, but she had a purging. 
Other persona have this or that action increased by affections of the^ 
mind, but not more so by one than by another affection : sneh nctJons 
are only more readily excited by states of tlie mind than those of oth«r 
parts of the body. But when a state of mind become« immediately 
connected with an action, and the state of mind is in some degree 
fbnned upon the result of that oction. there the mind will hardly allow 
that action to take place. 

A man who is condemned to die next moraiug may so far make up 
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hix mind as to get some rest that night; and thu^ rent will be more or 
ies8 in pmportion to the stat« of his mind. But if that man is to have 
hia life prefiorved on condition that he does sleep, he certainly cannot 
sleep ; the very anxiety arising from desire and feur wiU prevent 

A fixed principle fixes the mind, but a duuhtful one leaves it no rest. 
Anxiety is expressive of the union of twopaasions, ' desire" and 'fear.' 

The state of mind has more effect on the actions of involuntary 
parts than on those that are at the command of the will. The reason 
of this is plain : t)ie state of the mind finds no obstatle in its im- 
pressions on the involuntary parts, except what may be called natural to 
the parts themselves, vii. their backwardness to take on unnatural 
actions ; but the state of mind has more difficulty in exciting the 
voluntary parts to action ; for the will is often connteracting the actions 
that arise from mental emotion in voluntary ports, which produces an 
irregular action, as in tremblinK. 

The actions of the mind of which we are Bensihle are aa much the 
objecta of sensation as [external causes ofj sensatioa itself; we can 
reason about them. 

The [state of] mind has two causes of its fonnBtion— the state of the 
body and sensation. Some states of mind are almost formed from the 
8tat« of the body, as sexual desire ; but it is heightened by sensation : 
other states of the mind are almost formed from sensation, aa love, 
friendship, &c. 

The feelings of the mind we often want to reduce to reason, or to 
that principle which arises entirely from sensation, viz. reasoning about 
real things. This becomes the basis of religion. 

The actions of the body may ba called insensible and sensible. In 
the first actions the mind is not directly sensible of them, although it 
may be so in a secondary way ; as, for instance, the mind may feel 
une«sy or the reverse ; although it does not know the immediate cauae 
or action of the body which produces such feeling. In the second or 
sensible action the mind is made acquainted with them. The insensible 
actions or operations arc often put into motion bv the sensible ones ; for 
example, the stomach is made to digest by the sensible act of throwing 
food into it. Or the sensible actions or operations may be set into 
motion by the insensible ones, as when the muscles of the penis are 
thrown into action by the insensible secretion of the semen of the 
testes; or when the bladder is thrown into action by the insensible 
actions of the kidneys. 

The insenaibie actions are such as go on at all times, during health, 
whether we be sleeping or waking. Many of these inienaihie actions 
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arc trnmcdiatcly employed upon the machino itseli' ; os. for in-slance, 
cireulatirai, dig««tion, all ncU of Bocretion immedial*!)' necessniy for 
the use of the mtLchine, as those producing bile, pancreatic juice, or to 
relieve the machine, as urine, perspiration, &c. But tlierc are some of 
the insensible actions that depend upon other causes than idrnplj' the 
stimulus of the machine. Some depend upon the titiitc of the tuind. 
as the secrelion of the somen ; others hnve tliat dupendenee only for 
an increased action, as in the production of tears in grief or even joy, 
of the juice of the stomach and of the bile, in such affections of tlie 
mind as produce ^ckneHs. In some coses of affection of the mind from 
increase of secretion, the body must bo under certain predicaments, 
such as hunger, when the idea of food or the presence of foot! shall 
increase the secretion of saliva. 

As the incrcBso of the secretion of the saliva arises from a stutc of 
body which is wont, called ■ hunger,' which, when joined with tho idea 
of the presence of food, produces that state of mind which becomes 
the immediate cause of the secretion, so the socrction of the semes 
requires 'repletion' in tho body, with the idea or presence of the 
proper object to produce the due state of mind ; for the want, or the 
object alone, would not produce the secretion if a cort^n stAte of mind 
was not formed- Those insensible actions arising from tho state of 
body, joined with the idea or presence of the proper stimulus, as food, 
or a female for instance, producing the state of mind, may take place 
whether we be asleep or awake ; for as an idea can be formed wh«n 
asleep, and as the mind can carry out that idea into ideal action, so 
the real action often bikes place upon those occasions, and the saliva or 
the semen is secreted. When the semen is secreted, it is insensibly 
earned into tho urethra ; but when it has got there, it produces or 
stimulates the next action or actions immediately arising tVoni it ; but 
as this is a sensible action, it is capable of waking tho person, and be 
ofl«n wakes in tho act. 

' State of mind ' is most probably a compound at the state of body or of 
particular parts, and of sensation. It is what is cummonly called ' tbe 
feelings of tho mind.' The actions arising &i>m tlio state of mind are 
■instinct.' State of mind may arise from state of body only, as hunger; 
or from the senses only, as love ; or from botli, as love and lust combinod ; 
for these ore two different feelings. A man may be in love, while ho 
Itas no power of lust ; a man may he lustful, and not in love. When a 
state of mind takes place without the natural leading caujws, whorv 
reason is [net] called in as a director, it is madness. 

If n state of mind be a compound of sensation and statL' of body, ' th« 
ftetuB in uteru ' can have no such «tate. If it be a compound uf capn- 
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bility of aeusatioD nnd state of body, the fretua may have atate of mind. 
ThiH state is the firet acting principle ; reoBoning comes on slowly aflor. 
It is the most universal cause of action in tlie I>ndy, making voluntary 
musdes act contraiy to tho will, increasing or diminishing the actions 
of the involuntary oneB, and making many [involimtary onesj act which 
otherwise would not »i:t at all, as those arising &om some of the passions. 
Tho stat« of mind always aiiscs from, or is connected with, external 
objects joined to some sentiment, cither concerning iteelf, which may bo 
called ' passion,' or concejning some other body, called ' sympathy. 

The state of body from which the state of mind arises, may be called 
either real, as for example a child sucking, a duck swimming ; or it may 
be imaginary, arising from habituated states or an acquired state, as 
when a man works bimscll' into a passion, not arising from the state of 
body at the time, Imt from a repetition of a former action which arose 
originally fi'om a atute of body. 

State of mind, whether fear or anger, produces many salutary effects 
on the body. A haie or fos runs away, and if that fails, it fighta, a 
different action here arising from a very dilferent state of mind. 

State of mind produces actions of voluntary parts prior to volition, 
and indeed prior to sensation. A child moves its legs in the womb, 
moves the moment it is bom, can and does cry as soon a^ it broaUies. 
The calf, pig, foal, walks as soon as born ; a duck, as soon as hatched, 
runs to the water the moment it sees it. 

Ifothing shows the effects of the mind upon the body more than the 
hatching hen. A hen shall hatch her chickens, at which time she is very 
lean ; if those chickens are taken from her, she will soon get fat ; but, 
if they are allowed to stay with her, she will continue lean the whole 
time she is rearing them, although she is as well fed, and eats as much 
as Bhe would have done if she had had no chickens. 



Of the Action of the Brain. 

The brain is often so much employed in action, either in producing 
the mind or thought, that it cannot, as it were, be stimulated or imprcsaed 
by the nerves, so as to receive sensation. A man shall be so much 
affected by some object as to render him incapable of either sensation or 
thought ; or a man may be so for absorbed in reasoning as not to feel 
impressionB on the body, which will prevent any anxiety that might 
arise from those impressions. Or the brain can be so employed respect- 
ing the mind aa neither to feel the body, nor be capable of tMnking, 
and vice versd. 

Many people have powers in tie mind to reason upon subjecU which 
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are not preiicut ; tbe^ mm start data, reason jusitlj upon them, draw 
inferences, make concluaions. But if those data were to exist ftt the 
time, and they were to act justly, which would be putting their rcaeon- 
ing to practice, they could no mure do it than they could fly. They 
would be bewildered botwocn theory and practice, although their theory 
was just. 

On the other hand, wc aball find people who cannot start adatnin,or 
form a portion in their minds, reason upon it, draw inferences. Ac 
But, if put themselves into the position, and the circumstancoB were to 
happen (the some which the other foresaw, but could not act upon), 
they would take up the natural actions immediately as the circunistAOCM 
occurred, and act rightly upon them. 

Wish or deeire is not instinctive ; it is the nnion of two piindples ; 
it is the natural, attractive, impulsive act of the living principle, wilh 
the knowledge of the thing orising out of the sensitive [principle]. 

The simple desire in the mind to do a thing well is the first means of 
having it done well ; but it has often two very different or contrary 
etfecls on the mind, and of course on the thing done. The simple detdic 
procures the firet means of having the thing done well, and the power 
of doing it is increased by that desire, and it is, in the end, us well done 
as possible for such powers combined. But when the future is in vi«w, 
reasoning, or the will, is loft free to act, and the voluntary part» nro not 
wholly biassed by affections of the mind. This being the ease. Ui6 
desire may be attended with a species of doubt or anxiety, which always 
lessens the power of doing a thing well. Anxiety of mind intcrferos 
with the will, and lays hold of the voluntary muscles, and the w^- 
performing of any action is in the inverse proportion to the anxi«^. 

On Reason. 

Reasoning may be culled either immediate or habitual ; the imme- 
diate is when we ore obliged to go through the wliole process befove 
we can draw the conclusions : the habitual is when wc are so well 
acquainted with the subject as to draw the conclunons at once, u it 
were jumping oTerthe investigation ; but this ofhm leads us into errors 
by taking premises for granted. Remioning is used to determine or prove 
some fact that is only supposed [to be one] ; or it may bo used to prore 
that which has been already brought to light, but is disputed or roiwoiied 
against. 

The improvement of the mind is by sensations. The mind has the 
power,calIed * memory,' of repeating those sensulions without the original 
impressions, and of combining those repetitions so as to form idoaa, 
and then of combining those ideas so as to form n complete action, otory. 
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or propoiiitioii of any kind. By habit the mind dues these operetionB nith 
ecise, and often goes on doing them abnosl without being consdouB of it. 

1 believe that the will has no hand in any of the operations of an animal 
respecting the machine itself ; hut it is and can be employed in the 
operationa that respect foreign matter. 

Eeasoning ia fullacious If not based upon facts ; but facts and reason- 
ing should go band in hand ; for if the facta are not able to support the 
reasoning, then the reasoning is good for nothing : they should always 
bear a due proportion. If the facts overbalance the reasoning, and it 
requires a load of facts to give us a competent knowledge of nnylbing, 
then tbey [facta or teachers] heeome dull and heavy. 

The man who judges from general principles only, shows ignorancii : 
fow things are so simple as to come wholly within a general principle. 

We should never reason on general principles only, much lees practise 
upon thera, when we are, or can be, master of all the facta ; but, where 
we have nothing eUo but the general principle, then wo must take it 
for our guide. 

On Ideas Jrom Sensalion. 

Perhaps sounds are tlie moat simple sensatioiis we have ; for when a 
single body gives a sound, we do not know whether it is a simple sound 
or a combiuation of sounds. We suppose it simple, bccauao we are not 
yet able to make any separation of the sensation ; and by combination 
we are not able to bring out any sounds like those that are produced 
from the most simple percussion. Until Sir Isaac Newton separated the 
rays of light, white was supposed to be a simple colour, A body is of 
no colour when there is no Light. 

High or low sounds depend on the number of vibrations. Difference 
in sounds of the same height depends on the smooth or soft, and wee vend 
of their motions. 

We certainly know whence sounds come from habit, or by the intelli- 
gence of our other senses, as wo know that there is something oxtemal 
that produces it. 

The reason why we cannot tell or know wliat heat is, is because it is 
only capable of affecting one sensation, and that only in one way. 
Qf bodies that are more gross, and capable of all'cctiug the senses iu 
more ways than one, and more than one sense, we can form an idea of 
their manner of action. 

No man can have any idea of extension at first ; his notion must come 
by degrees ; the same thing must be repeated again and again ; and the 
sensation that the notion of extension arises from, must become fami- 
liar: it is from motion in our bodies at first, joined with feeUng, that 
we judge of oslension or space : then time i« compouudixl with it. 
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Oil the Command or Presence iif Mind. 

Erery part that acts in consequence of sensation raiuit be at the com- 
mand of the will, for the will ie tormod out of sensfttion. The iris of 
the ej-o contracts immediately upon light being tlirown upon an eye 
Bensible to that stimulus, that is an action ariniing immediately &om such 
aensibilitj. It is possible that we might not bo able to imitate it by 
the will. But as the iris also eontructa and dilates upon bodies bciiig 
placed near or far off [the ojo], we cau, in the dark, contract oar iris 
by putting the eyo into that form whiob it assumes when it ia viewing 
u near body' ; and, on the contrary, we can make the iris dilate in the 
light [by putting the eye into that form], as when viewing an object »t 
a distance. 

Ab sensations form the will, so con the will attend to any sonsaUon. 
The will can attend to one sensntiou out of many. In many sounds rtio 
ear can, by the will, follow one of them singly. 

The mind is fonat>d by liabit, as the body is. The body may he made 
to endure many things, as fatigue, heat, cold, &c., without inconvenience 
to itself, or without making the mind sensible of it. The mind may be 
made to endure almost anything, and it may be so humoured as hardly 
to bear any inconvenience. 

It is curious to see how much the mind, abstracted from the body, is 
similar to the body influenced by the mind. A man, when anxious to 
do a thing well, and more ospecially if another is in some degree oon- 
ocmod, seldom docs it well ; and, the more he endeavours, the worse ho 
performs it ; in like manner, if a man does not readily remember ■ 
tiling, and becomes anxious to remember it, he will not in the least 
remember it, excepting some relative cireumstaneo or connexion brin^ 
the tiling into his mind. But if he con get naturally into the train 
of thinking that leads to iho thing, without art or intention, he wDl 
immc^alely remember it. 

Thus if a man were made to repeat anything he did not perfectly 
remember, he would probably forget how to begin. When he hadbf^aQ, 
he might go on ; but if he forgot any part, he would not find it out by 
the mind endeavouring to recollect it. He might go on if he Ix^on 
again ; and would go on if he had no fears, donbts, nr even thoughts 
in hismind, of the possibility of forgetting any part. If ho could do it so 
earelessly ns not to be eonaoious he was doing it at all, he most probably 
would go through the whole without intormptiou. So much is the train 
of habitual thinking interrupted by the immediate interforonce of the 
will, producing a ntato of mind which adds to the intcrmptlon. 

' I By tliv ■('! 'ir ImlinR intaitlt iipoii in idiiUlj nwr t-oily.] 



Thinking is natural, but rcnsoniiig is not ; wo caa think without 
rcafiuniug. Thinking Is the fonuing ideas. Thoy may have a I'onneidon 
with Buuh other, so as to keep up a relationship, which might be called 
' natural reasoning.' But reasoQ. is a kind of voluntary act : the mind 
brings itself to it. The fii«t thing wo loae when we are losing the con- 
Buionaness of ouraelvee, ia the power of thinking. Wlien we can think 
we can reason. 

That the mind has the power of producing actions in the brain is 
vrident in many cases. The person who invented or applied the steam- 
engine to tLo sailing of ships, when it wns before the Committee at the 
Rooms of the Society of ArtH and Sciences, was taken at once with an 
apoplectic stroke, of which he died in about twenty -four hours'. 

Lord Eglinton informed me, whenever two soldiers were condemned 
to lie shot, but one was to have a pardon, and they were to throw dice 
for their lives, that commonly the succeaaful one fainted while the other 
remained calm. This would show that it is not the ' kind' of affection, 
but the ' quantity.' 

A lady sitting up afl«r every one was gone to bed, saw her door open, 
and a servant of the houiie come in with a pistol in his hand. She imntS' 
diately blew out the candle, pushed the bed from the wall, and escaped 
between them. The senant in the dark pushed down the table she had 
been sitting by. Qtiis discomposed him ; she come out of her hiding- 
place, got out of the door, and had the presence of mind to lock it. She 
awoke the house ; and, as soon as she found assistance, or waa 
secure, she fainted, and none knew what was tlie matter till she came 
to herself. The man was secured, and it was found ho was out of 
his senses. 

The various effects of the mind upon the body are almost without 
end 1 those, perhaps, are best known in many diacases of the body, 
but known only by those who have the diseases which con be affected 



I (I liuvB been fuvoareO hy the roUowing reply to nn inquiry on iMi inlCTeating 

" SocieCj of Arto. Muuiifacturei. uid Commerce, 
Adelphi, London. W.C., 27th December, 1859. 
"Mr DEAB Sib,— I have h»d our rocords rareTullj sBBJithcd, and I find no notioe 
nbatcver of any luch drcuinstance is jou allude to in your note at the 24th 
insL The only communication during Uie period named which bad rofercnoe to 
steam power and boal* it an aaonjmouB one, ' On obtaitiing s L'ircular luotioti 
for nulling bosU by sletun,' vchiiJi waa uot thought so good for the purpose as 
UiQiu alresd; in luc. WhU John Hunl«r eould hare ntTerTod lu I luu at ■ Iom 
to lay. " Tou» very truly. 

•' P. La San Fobteb. Sec," 
■■ Kirid. Ovfii, Esq.. Bniiih Musr«m~\ 
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bj- the mind, and are only aoticed by thoae who are in the habit of 
observing. 

When I had the epasm in my heart upon the amalleat exortion of the 
bodj*, as in walking up a small aocent, or upon the least atudety about 
an event, mich aa beet) swarming, yet I could tell a stoty that called up 
the finer feelings, which I could not tell without crying, obliging me to 
stop seyeral times in the narration, yet the spasm did not in the least 
take place [then]. Therefore those feelings of the mind we hare for 
other people are totally different operations of the mind from that anxiety 
about events, whether of our own or of othera ; because its effects on our 
hodios are very different. 

Laughing and crying are two natural involuntary actions in or of the 
body, both arising either &om sensations of the body itself, or sensations 
only of the mind. Laughing amea from sensations of the body, as from 
tickling, and crying &om that sensation caUed pain ; but mich eOecta 
are more common to the yniing than either the middle-aged or Ilia 
old. This arises from the mind becoming more aceuatomed to sensa- 
tions of the body ; it Is therefore loss affected by them, esoepting when 
the mind gets into the habit of those actions, which habit may rather 
increase than diminish them, as in spoiled children. The mind being 
pleased, and in a peculiar manner, produces laughter, and the mind 
being in distress, produces crying j but the same cause in the mind shall 
produce either or both, one following the other, as crying witli joy. 
However, joy may produce crying much sooner than sorrow produce 
laughter, except when it runs into disease ; so far [these emotional 
actions arc] natural : but we have this carried into disease of the mind, 
but not of the body; we have either laughing or crying, called ' hysterics,' 
which are diseased involuntary acts ; and the same cause shall prodoco 
either nearly equally, and much soontr than in the natural state ; or 
the one shall run into the otlier ; for inatunce, crying terminating- in 
laughing, or langhing terminating in crying, whii^li I bolicvc is pcctdiar 
to this diseased state. 

Joy and grief arc, perhaps, the strongest affections of the mind, and 
what the mind has the greatest fadli^ to fall into. They arise from an 
impression being made by some external object, or the mind sympa- 
thizing with the state of mind in some other object. 

So far there is a visible and even reasonable cause, such as rcaaoo 
agrees to, [for those affoctions. and they then] might be called voluntary. 

But the stat« of mind is often such as goes of its own accord into such 
affections, having no objei^t fur their cnuse, so that the mind posses from 
the one into the other almost instantaneously. Theee may, then, bo 
called involimtanr : the mind being oa it is when some voluntary 
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muscles act in Bpite of the will, as in cast* of cramp, louked-jaw, ic 
Iq the first, it is a state of mind produced by the seDHes which produues 
involuntary actions ; but in the second it appears to be the mind falling 
into them of its own accord. 

On Fear. 

' Fear* is a fixed or abaolute principle in the minds of animala, but 
never in proportion to the real or apparent dangers ; therefore in most 
animals It becomes a relative term. In the human species it is allowed 
to act in a less degree upon its original principle : it generall3r becomes 
so connected with aomo acquired principle as to be ruled by it ; there- 
foreitisas the quantity of danger, and apparent inutilityof that danger; 
BO tliat it would seem to bo in an inverse proportion to the inutility of 
the hazard, ^hna, take any cause for fear under different uircumstanceB ; 
one where the natural fear is allowed to act, and another where it is 
either heightened or corrected by the imagination ; the degrees of fear 
will vary ; the fitat or natural fear will he in a mean degree ; in the other 
it will be either increased or diminished. 

A bravo man of good sense will endure any pain, or the chance of it, 
in a good caiiae ; while the same jiain, or chance of it, in a bad or even 
indifferent cause will make him a coward or make bira shudder. The 
same thing holds good in animals in general ; only with fewer varieties, 
these being in proportion to the other \-arieties of aetiona. A dog 
is bold, although in considerable apparent danger when himgry, and 
food is by him, but a coward, perhaps, if without these eiretmistancos. 
A cock fighta better ou his ovra dunghill than in a strange place. 

Is fear a perfect and distinct state of mind ? Does it ever exist but 
in a doubtful stale of mind? Is it not a imion of hope imd despair? 
for whenever hope ia gone, fear diminishea. Is it not an anticipation of 
evil, and the less an animal has the power uf anticipation, the leas fear 
he has? Dr. Dodd would seem to prove this'. 

The dull look in the eye in grief is mostly omng to the position of 
the eyelids, I can give a dead man alraost any look. 
On Siipersliliun. 

All innovations on cstabliiihed systems that depend more on a belief 
than real knowledge (such as religion), arise rather from a weakness of 
mind than a fault in the B)'slem. Everything new carries a greater 
weight with it, and makes a deeper impression on a weak mind. 

' [lie waa oieciit«d Jtuie ^Tth, 1TT7. wbiob sffbrdt soiae due lo tim dal« of tliis 
M8. Ho ihowed much frar of d«th, and inlenw nniiety lo ncspc 'lip rapiul 
paniahmpnt vhila intercession nar making for liini : but be ron at once to « Blat« 
of fortitude Bad rceignalion ahrn nit hope of uiDi'fj was cIoMaJ.) 
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UaTing committtHl aoU of violencu always wc>atenM the miad ; there- 
fore [it is the] more ready to fly to innorftdon, or to whatever seems 
most severe [by way of expiation]. 

On Deceit. 

TcrhapQ thero is nothii^ in Nuturo more pleasing than the study ot 
the human mind, even in its ImpertettionH or depravitiee : for, ultliough 
it nuiy be more ploaaing to a good mind to contemplato and invetftigato 
the applications of its powers to good purposes, yet as depravity is &n 
operation of the same mind, it bceomus at least equally philosophical 
and equally necessary to investigate, that we may be able to prevent it. 

The investigation of the mind's various operations at largo, by wMoh 
means it feels, thinks, reasons and influences the body either in toIoq- 
taiy or involuntary actions, is more than is requisiti." for my present 
purpose. Tho mind, like everything else, can he employed in promoting 
either good or evil actions, but it van as readily be employed in sutioos 
that seem immediately to tend to neither good nor harm arising from 
some strange or trifling impulse at the lime. 

When wo consider the mind of man as posses!ang a thousand quail- 
tiea which are distinct attributes in themselves, each being more or lata 
uontrasted by its opposit^s, as, for instance, intrepidity, fear; love, 
hatred ; generosity, covetousnoss ; pleasure, pain ; anger, satis&ction ; 
complaeency, envy ; humility, pride ; vanity, diffident* ; probity, deodt 
— all producing distinct characters, when acting alone, or when the one 
or the other is predominant, — wo must be sensible how comjilicuted tho 
mind is ; but as they [the quahtic« or attributes] ore ofU'n mixed in thu 
same person, they produce contrarieties in character which form the 
basis of all the oddities or icconsistendes we meet with. 

One of the imperfections of the human mind is, the desire to bo sup- 
posed what we are not, but what wo should like to be. This arises from 
vanity, which, when well regulated, is perhaps a very noceownr and 
useful principle. But wo often wish to appear to bo what we in reality 
hate, and are probably afnud of being, which would soem to be a Btraugti 
contradiction in the principle of deceit. If the fi)%t deceit was always for 
noble purposes one would excuse tho vanity ; but it is generally for 
little seliish purposes, and might be called the ■ childishness of man- 
hood.' Wearo even jealous of those who may, with justice, be supposed 
lo poKsces those quaUtios, in a degree beyond what we wished the world 
to think wo ourselves pott^ossed them. 

!fo man is so fond of being thought bruve ns the coward, who would 
be really delighted if he was thought nlwuys to have an affiur of 
h'monr on his hands ^ while the truly oourngeouH man wouM rulher 
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affect tbe contrary. This is the snme principle in both, but inverted ; 
but the latter we admire. This sdmiretion may arise from the 
araiableneaa of the person or of the principle, or because we do not feel 
him nusing himself above us ; so that it may be a Bclliah admiration. 

No man ia ao fond of being thought a man of gallantry as he who has 
no passion for the female sex ; yet would feel proud if it were eonceived 
he had always some intrigue on liis hands, even at the espen»e of the 
reputation of the innocent ; while the man who is really pasHionately 
fond of the sex, and perhaps their dupe, would rather choose to hide 
that turn of mind, as if it wen* a defect. 

We even choose to make our past Bufferings a matter of admiration ; 
and those who have the least fortitude under calamities, generally recite 
them with triple energy : which ik a natural conseqnonce. to excite 
either horror at their sufferings or admiration at their fortitude. 

The same turn of mind is twisted into present distresses or suffer- 
ings, where it is to exrite pity on false pretences, instead of admiration, 
There arc many whose finger never aehes but it is torture, who never 
measure anything that affects them by a common scale or atandard, 
always over-acting their part, that you might pity ; while, at the same 
time, yon should think they were suppressing their sufferings that you 
might admire their fortitude or philosophy, This might pass with 
those who live by it, or have a secondary view ; hut when it is simply 
vanity, or simply to excite compassion, it shows a weak mind. 

It only requires a stronger disposition of mind to continue the deceit, 
[as iu a patient] when the disease is gone ; when, if the complaint 
be such as cannot be wholly imitated, the patient will contrive some 
other symptom of another disease, or, if he has a lively imagination, 
even wholly a now one. 

These gt^neral remarks must come home to the observation of most, 
if not a little to their feelings ; and that which concerns disease must 
strike the medical man most, 

Whoever has paid attention to this subject will agree with me in 
thinking that those minds are far from what they really wish us lo 
think them to be : and that they are tittle minds. K medical gentle- 
mtm would apply this to their practical knowledge of mankind, they 
would see that tlieir oplniona of such minds and praetieo perfectly 
ooincidod : and. to strengthen this idea, let ua see who they ore that 
are most subject to praotise this kind of deceit. 

There are two claascs of minds capable of carrying on this deceit. 
One is [influenced by] the lovo of imposition, and rather relat(<s to 
those about them than to themselves,— a desire to make every one 
about them stare. Yet it cannot be called un amiable mind, for they 
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must s©e every one aboot them in distress. Another class of mind b 
f influenced by] the love of ease ; and, therefore, to nvoid something dis- 
agreeable, is sufficient to make them affect to be unwell. Those who 
are most addicted to this kind of deceit, are women and ehildreti. 
Women have it much stronger than men, because, &om their birth, they 
meet with more indulgences. They are not allovred to have the idea of 
doing anything for themselves ; by which moons both the body and 
mind become indolent, relative to action; but [they are] extremely 
anxioua to be pleased by others ; and, if not so, then they feel un- 
happy. This is encouraged by men, till they are married; and the 
wives seem never to leam that the way to gain is not the way to 
keep ; whereby they become disappointed, and then begin to practiso 
arts either to excite jealousy' or pity, but seldom admiration ; just &a 
they conceive the husband's mind to be moat susceptible of. 

Children are nearly in the same predicament ; thoy are indulged by 
ttieir parents ; and, if allowed to keep company with the servants, they 
are certwn to become decoitfnl and to learn a thousand ways of impoaing 
on their parents. Thoy are assisted by the servants, who sometimes 
benefit hy it; or they, what is called ' curry favour with the joaag 
brood.' This is even more the case with girls than with boys ; women 
heing better teachers of this kind of impomtion than men. If from 
such situations they go to the boarding-school, they stand but little 
chance of being reclaimed. There are numbers to keep them in ooun- 
tenance. At school they are less indulfted, being more tied down to 
rules than they have commonly been, and a kind of private or mental 
oppowtion commences. Whenever they are token ill they arc immedi- 
ately brought home, and having once regained a footing at home they 
endeavour to keep it. 

Master Woodcock, twelve years of age, had a fe\-er attended with 
rheumatic affection of the right knee. He was sent to the tepid sea 
bath, which (we may suppose) cured him, for ho eame homo fat and 
jolly. However, the pain in tho knee continued, and I was sent for to 
see him. Wlien he came into the room he was limping on the left leg, 
while the right toe was turned in, from his limping. I conceived the 
pain to be in his left side, but found I was mistaken. He conld hardly 
bear the knee to be pressed, it was so sore, nor straightened ; he conid 
not bear the toe to be turned out ; and when I endeavoured to turn 
tho thigh out, which motion could only affect the joint of the thigh, he 
could not bear it, althot^h the knee was not, nor could be. affievtwl. 
But his limping on the wrong foot was enough for me'. 

' [Mr, Huut«r. on Oto morning of Ihc du; of hii dc«th, rrJoled lo the houan- 
piipitu in Ihc work-room »erer»l whimsitnl aW^npto it Jmlioaition in rhilHnin lo 
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Dec«it appears to be n principle in most of the pi?rfect animals, or 
those endowed with the senses. It is of two kinds, either to screen 
the animal itsell', for its own safely, or to impoBs upon another for ita 
own advantage, or for the disadvantage of the other. Probably in all 
animak it is instinctive, and haa but little variety. But Man employs 
his reason, which, in most things, he docs to improve or extend hia 
instinctive actions ; even to the creating new instincts. These begin 
very early, in the child, to become artificial. It hides its eake ; it findn 
its natural and instinctive actions are checked, yet it practises them, of 
which practice it soon Icama to evade the detection. It is encouraged 
by some of the older children ; may even be assisted by those accus- 
tomed to evasion. They first put on an appearance oa if innocent ; if 
questioned, they deny. These lead to deceit of the mind, and may be 
called ' passive deceits.' 

But the mind becomes more active ; it is inventing actions, which 
actions are to deceive, without having committed them first ; as it were, 
innocently, and then inventing an excuse as in the former stated casce. 
The first inventions are to excuse themselves &om some task imposed, and 
they find out what will plead best in their favour. Health in young folks 
is a great object with parents, and the children find that out ; therefore 
sickness is the great resource, as lameness or fits. Lameness is, gene- 
rally, the first, because it requires the least art, and is more in the way 
of having been obsen-ed by them. Fiti arc not so commonly observed ; 
and it requires a greater degree of mental powers eitlier to put them on 
or go through with them ; therefore wo seldom have fits until about fif- 
teen. The age of fita laats longer in girls than boj* ; it even creeps 
into womanhood, but seldom into manhood ; man beginning to employ 
hia wits in another way. 

Periods of Life, accoreUng to j'ij>petites and Mental Operations. 

The life of man may be divided into three great periods : ™. 
' youth,' ' middle-age," and ' old age.' In considering these three dif- 
ferent stages of Hfe, both as to constitution and disposition, we dhall 
find that there is a gradual and imperceptible change always taking 
place; the firat gomg gradually into the second, and the second aa 
gradoally into the third ; so that there is no particular period between 

sroid going to school. Bercrrmg lo llm present rase, Mr. Hunter hud desired the 
deaaert for a dinner part; to be laid out in the rooro where Mailer W, trns kid up ; 
and. being watrhed. he was >pen to akip iiaturallj and yerj briskl; rmm his sofa, 
appropriate a buneJi of gmpee, and retreat with equal agility lo hiji pUee of repow. 
"ibe impoaition va» lhu> eipoicd, Ihe eulpril pnniahed. but the surgeon wns nevpr 
in railed in.— W«. Curr-I 
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any two of tlieai wl;ereby we can terminate the one and begin ihu 
other. Therefore we shall consider these periods when in their hill 
maturity' ; and, as wo proceed, ahall consider the gradual changes iato 
the nest ; as where the first is gaining, then losing, while the second ia 
gaining, &c. But as these gradual changes arc not so much., or eo 
directly, to our present purpose, they will only be mentioned as ciicom- 
stances taking place, that may, in some degree, throw a light upon 
our subject. 

The first period of a man's life is [passed in] the enjoyment of its 
natural appetites and sensations, and [in] extending the actions natu- 
rally arising out of the union of the body and mind. The mind ia con- 
stantly receiving impresdons by its senses, and constantly forming new 
ideas, laying up a store of sensations and ideas ; but, at flrat, without 
form or method. 

New appetites are arising as the parts are becoming more fit for their 
peculiar sensations and enjoyments, which are always more vigorous in 
their early stages. So that a young animal is extremely qcUve witil 
regard to bodily action ; being fitted for Bcnsations and constantly in 
pursuit of them ; yet it is extremely passive with regard to the combi- 
nations of the mind : it is just a being receiving impressioaB, thinking 
but little of the past ; because the present enjoyment, and the futiue 
which is nigh, are the highest sensations of the body and the mind. 
These natural appetites are never improved ; they are moat perfect nt 
the first, and will always be the most \-igorous when the mind is least 
engaged, or when there ia no mind at all. The natural or neoeseary 
appetites are limited : they ore such as always destroy thcnisolves by 
enjoympat, but arc renewed again by the body recurring to its natural 

This ia the age that in some degree beepeaks the future with respect 
to intellect : it is the age that in most cusw distinguishes the young 
man of feeling, sensibility, <iuicltiies8 of appreheneion, from tho idiot. 
The [state of the] idiot is one when- impression produces sensation, not 
upon tlie mind, but upon Ihc body ; where the mind never maku an 
application of tho present sensation to another ; and where, when the 
present sensation is gone, it never recurs. 

\Mtcn the Hpjtetites for any one thing aire vigorous, they carry ob 
groat lengths ; but they are not lusting ; for some new object of appotit* 
appears, and destro};^ that for the former | object]. An appetite haa 
but one fixed point in view: it is simple enjoyment. If it bo tho 
appetite of eating, it is intent only on eating ; and if it fixes the mind 
on one kind of food, tliat desire cannot lust long, for other food will 
exactly answer the same purpose. Or, if that (kind of food] is not 
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sufficient at the time, hunger will come in and reconcile the whole ; 
80 that no man can think of any one kind of food for twelve hours. 
Therefore the simple disappointment of any one kind of food cannot 
long affect the mind ; and, whatever may bo the strength of a man's 
relative ijuality for any one kind of food more than another, it will be 
amuhilatcd when he is set down to twenty dishes. 

The same observations are equally just with regard to other appetites ; 
only that for food, although the most essential to life, is the one that 
will produce the least effect upon the mind ; and that ariaes entirely 
from its being the most essential. Tlie other appetites, being hea 
ceseadol to life, aliow the mind to dwell more upon them ; and, to 
gratiiy them in a particular manner becomes moi'e on act of the mind, 
than in the appetite for food. The enjoyment can be suspended in 
case all the relative qualities (either imaginary- or real) are not present ; 
and these relative qualities are more peculiarly mental than simple 
enjoyment is. 

A man has an appetite to enjoy a woman ; but if the mind has 
formed itself to any particular woman, the appetite or enjoyment can 
be suspended till that object is presented; ^and the more the mind 
interferes, the greater stress will be laid upon this relation : the 
mere sexual enjoyment will he almost forgot, and the whole pursuit 
will be after the particular quality of the appetite. But, perhaps, it 
requires long habit to establish the influence of such a relative 
quality in the mind. 

Such is the state of youth till man arrives at full possession of all his 
appetites and sensations. Then he is in full powers of enjoying them ; 
and, in this state of poBsession, he goes on for years ; but his tempo- 
rary appetites, as venery, become in time blunted, and often in some 
degree his csBcntial ones, as that for food ; and he begins to loee the 
substance in pursuit of the qualities, refining away the natural man, 
becoming rather ideal ; whence arise ' taste,' ' graces,' &c. 

The man bc^ns to combine the sensations, aiid form ideas more 
extensive. From reasoning, ho looks further forward ; which, in a 
proportional degree, lessens the present [enjoyment], except it bo con- 
nected with the future. He is considering subetantials for the future, 
which always takes in a much greater scope of reasoning ; as there are 
always a greater number of relative circumstances. He not only con- 
siders substances, but the qualities of substances, and endeavours to 
investigate, aepnrale, arrange, and combine these qualities. 

All these actions are of the mind ; and as thej- took Iheir origin 
from the nervous system, they continue to belong to it. 

The mind now becomes the principal actor. It is viewing objectJi in 
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all their different forms and rcUtionB ; nnd, as futurity has both a good 
side and a bad one, the mind is upt to be more impressed with the 
one or the other, seldom steering in the middle. These doffereut views 
of things will arise either from natural, or constitutional, or habitual 
causes. 

It moy be put down, as a rule, that enenr-tliing in this worH is 
ahsolute : but, m all the leading causes of things cannot be soeu, 
becatise they appear to depend upon circomstAnccs that ore unknown, 
or appear to be accidental, therefore the mind cannot lead up to ths 
absolute. It is influenced bj some impression, ariwng out of the pre- 
sent appearances, which may be totally different from the effect that is 
to take place ; and so tlie present probability, on one side or the other, 
determines the mind. 

Thus, then, is futurity visibly left to be undetermined even to the 
mind of the moat sanguine, which is perhaps the most weak. It leaves 
in the mind a strange disagreeable uncertainty, which the pursuit of 
present enjoyment does not produce ; becauNc the nearer an orcnt is 
to happen, in the same proportion it seems the more certain to happen. 

Itiis age is the jierfcct ago of man ; and, at a medium, may be said 
to begin at thirty yeais and to end at fifty yean:. 

This is the age in which the mind is truly employed : the age in 
which both the fear of disappointment, and disappointment, makv ■ 
lasting impression, because the object to be gained is not momeotarr 
or immediate. Time hardly establishes a security : it rather expoeee 
an nncertaittty. 

This is the age of madness ; or when, usually, insanity tukea 

plMO. 

As people draw towards perfection they become more and mon 
nervous : the nervous age is at about thirty or forty years ; but as thoy 
go on towards the decline of life, they lose that sensibility. This is 
equally applicable to both mind and body. 

One, at first, would suppose that the nervous state of body would )>a 
the young state : but it is not : this is a state rather of indiffercnca 
to impression, although it may bo felt acutely ; there is too much lovo 
of variety to dwell long upon any one object : it is on age which fecU 
quickly, but forgets soon. 

Thirty is the time when objects begin to last, when they begin ta 
make an impression, when they take possession of the mind. Fifty is 
the age when indifference about all objects begins to take place : oa 
insensibility creeps on, the effect of which is similar to tlie firet stage, 
although arising torn very different causes. 

Belief in general is stronger in children than in old people, although 
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fhildren aro often deceirod ; j-et the fondness for the thing ciinias them 
beyond reflection and remembrance of paat deceits. 
Young people like sugar ; old jieoplc like pepper. 



Ojt HcredUary Rtyht. 

Hereditary right arisea from the giver. Every man feela a desii-e to 
have property, and every man has a right to have propertj- ; and every 
man feels a desire t« dispose of it when he can enjoy it no longer ; and 
as it is his property, he has a right to diapoHe of it. 

Every man feels an attachment to relationship. This naturally leads 
to bequeathing this property to his rchitions, and to the nearest : it 
is, in some measure, retaining it still. This property goeiS on in suc- 
cession, firom the same principle, and, when men unite for the benefit 
of the whole, they moke this a law ; because each has practised it, and 
is receiving its benefits, and wishes to continue them. This becomes a 
kind of reward for industry and for accumulatiou of property. 

Ifo man wishes to die, to be eternally forgot ; what he leaves be con- 
riders, or he feels, in some degree perpetuates his memory, which is s 
means of incitement to great and good actions ; and it is not in human 
nature to do good perfectly disinterestedly : he likes to have a share. 
If a man puts up a monument for a great man, he wishes it should be 
known who did it, and that the two should go don'n to posterity to- 
gether. He is at the same time detiirous that his son should come in 
for a share ; ho wishes the son should be known to bo the son of that 



On Sympathies. 

Sympathies may be said to be of two sorts, natural and hahitnnl. 
Without this sympathy few muscles would act ; for few muscles are 
evor irritated themselves: but it is the part that is irritated which 
receives the benefit of the action. Laughing and many other motions 
of the musclefl of the face arise from sympathy with all the senses 
that receive pleasure. Crying and many other motions of the face arise 
from sympathy with grief of all the five Bcnsea. Sympathy seems to 
depend on a kind of ignorance or novelty of sensation, which is got 
the bettor of by experience ; therefore old people sympathise less than 
young. It is very remarkable that none of the sympathies can or ever 
aro reversed, therefore they do not arise &om the communioatton of the 
norvGa, but from the efEbct of the brain upon the nerves. 
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On Appetite and Passion. 

Would not the foOowing be a proper distJDctioa between appetite 
and passion ? 

Appetit« is an (Lction of the mind, ariMng from a stimiiluH givea to it 
from some port of the body ; and the appelate is this or that acoordiog 
to tbe part that so excites the mind -. and, as appetite depends on n 
state peculiar to such a part, or natural to such a part to &11 into, 
therefore it ia always capable of being satiated. The part under such 
irritation pnla both mind a.ad body into sut^ actions as will beet satii^ 
or satiate the appetite. 

Pasaion is an action of the mind not arising &oro any mere iiritatioii 
of a part of the body, or from a stimulus given to it from porta within 
ourselves, but from causes and relations which are from without. No 
sensHtions of the body are to be gratified, but merely the sensation of 
the mind. However, that sensation of the mind always tends to Boni« 
aetjon of the hody, and ia to be gratified by certain actions which 
naturally arise out of the passion, PasHion is confined to no one object ; 
almost every object can escite paeaion ; and while that paamon lasta, 
the object that first produced it still continues to be the object. 

Passions are instinct : they never improve. They are a union of 
two principles, — a certwn internal impulse, producing actions wliich 
have concern in. or are connected with, a sensitive body, or which 
produce effects that are ruled or guided by our sensations. If they 
would seem to improve, it is only by encouraging them as we would 
encourage an appetite of any kind: but their improvement is only in tt 
greater frequency, or repetition, especially in those the indulgence of 
wliich dues nut impair the animal powers. 

Nature has not only given natural appetites, or internal impmuons 
for such and such oetioos, to animals, and an uneasiness while under 
the irapreasion, which peculiarity of uneasiness is the appetite itself, 
but hns nddpd n pleamire in the actions of remoring the uneasineBs, or 
l^atifying the apivetite ; for example, in eating, in the propagation uf 
the Hpecica, But. But animals feel uneosincM when the bladder oc 
roi^um in full, and hare no peculiar pleasure in getting rid of the 
u'NH, further than arises from the ocssaUoD of u 



On Jtistinel. 

Whatever impuUc of action wo have which doM not arise from tha 
knowledge of ibo event, or firom u motive, is ' instinct ;' and whatever 
action aristv from an Intention, is < reason.' 

Tbr in-linctivii jirinrijilc la probably nearly Ihe sami- in all animals 
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whow wants and coosequent actionti are nmily the Burne ; and when aac 
nnimol appears to have mora extensive prinuiples of thia kind than 
another, it is because it has a greater acope of action, and of course 
attended with more variety. 

I shall not instance any of the more imperfcot animals [in illustra- 
tion of inHtinct], but take the bird und the quadi'upcd. I can conceive 
tliat a parrot and a crow have a greater extent of instinctive princaples, 
leading to a greater variety and more neatnees in their operations, tlian 
u cuckoo or a partridge has. I conceive that monkeys have more 
extensive instinctive principles than dogs, and dogs more extensive 
than sheep. And if man could lay aside acting from reasoning, hii- 
instinctive principles would be more extensive than any t but the actions 
arising trom instioct are so heightened and made so much more ]>orfect, 
that the instinctive actions appear, even to the mind of the persons 
themselves, to be wholly the result of reason. In crows, where the 
instinctive principle U pretty well murked, their actions come near to 
those of the human, [there] being no difTerence in the action excepting 
the human varying it a littie more according to circumstances. 

Thus a rook builds its nest according to the instinctive principle of 
the animal, and for this purpose breaks off branches of the trees on 
or near which it builds : it also gathers sticks on the ground near 
the nest : but the curious thing is their stealing from one another. Thus 
a neighbouring rook shall steal tiie sticks of another : they shall observe 
the motions of each other, and, when opportunity serves, they imme- 
diately become thieves. 

It is curious to see how instinctive principles arise. When we see 
only the effect, and not the immediutti cause, it appears wonderful ( but, 
when wo can trace them, they do not so much surprise us. The im- 
mediate cause of the bees' instinctive principles is not all laid open to 
us. It is curious to see the young duck run into the water the moment 
it Bees it. 

When two instinctive principles oppose cue another in two different 
animals, it is curious to see the conflict. A ben, for instance, with duck- 
chiokens, seeing them mn into the water, is unhappy ; and a dack with 
young hon-chickcns, invites her brood into that element, while the 
chickens are running round the side of tbe water. 

Instinct is in most respects similar to general principles in arts and 
sciences ; for neither instinct nor general principles will apply equally 
to all oases, with which they have an immediate connexion. Instinctive 
principles ore not fitted for, nor take notice of, contingencies ; nor do 
geni.-ral principles, A bird, when it builds its nest in a tree, does not 
comdder accidents ; and therefore docs not guard against them, A 
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mull who lays down a general plan, and does not seo the variations or 
deviations thtit should take place in it, and therefore does not guard 
ogoinEt or provide for them, is acting like a bird. The bird, being 
wholly ruled by inatinct, does not alter its plan (if it could be called 
one): but the man's, being a principle in his mind, he can and does 
vary from his original plan. However, this is not always the case ; Dor 
general principles to many are such as that thoy cannot all«r [their 
plans] even to meet contingencies ; therefore their case is very umiUl' 
to instinct. 

Animals I believe have the power of repeating actions, which at fint 
nre accidental, bat whicli give them pleasure ; and, of courae, of avoid- 
ing such as give tbcm pain : and probably that is the utmost extent of 
the animal powers below the human, independently of instinct. The 
extent of these principles in any class of animals bespeaks their TOpe- 
riority over the others, and gives them a greater facility to learn. 

A kitten plays with a ball from finding that it moves, and becanao 
that motion gives delight, from being similar to life in an animaL 

I can conceive a monkey to be delighted with the effects of BOtioB ; 
Buoh as throwing things down, being pleased with seeing them fall: 
and the monkey having a greater variety of such aamsements, thi« 
gives him a suporiority over utlier animals, and brings him nearer to the 
human species in the state of childhood, before the consequences of 
actions can be considered. 

Than that animals have reason, nothing can be more dear ; tat bU 
animals can go mad ; by which they lose all instinctive and aoqnired 
properties of the mind. 

Loots ' Notes and QuerifS ' on Imitation aitd Cuilom'. 

Imitation is so much a principle in Ilan thatildistingaishesffumlitH, 
towns, and nations. Imitation in manner is caught by tlio sight ; nad 
OS a proof of this, let us observe that a blind man has not the inaiuier 
or gait or mode of walking that a man hoji that sees. 

Because we do turn the optic nerves to objecta most commonly, is no 
proof that it is not done by custom : for as tlie most distinct object im 
pmnted nowhere else, custom finds out tliat proper place. It would b« 
contradictory to the rule of sensaliou to nay that wo would not turn 
the most sensible port to objects that we choose to be sensible of. 

Closing our eyes when a ouinon is fired arises &ora custom ; for wo 
do not do 80 when it is at a diKtimoe : nor would wo du it at all, if wo 
did not know there was a flush : a child does not do tt. 

Bverj- thing that gives pleasure at fint, lessens by praolioe; sad 
ever)' thing Ihnt gives pain, becomes more easy. 
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Do not tJl the sympathies that regard external objects, and are the 
principal caudM of our moral sentimonte, arise from cuetom ? If we 
see a person comb his hood, our head itchee all over, and ve cannot 
help flcratching it ['?]. 

We often do not know how to choose the same kind of thing, among 
a variety ; but if we were sure of the right one, which [certainty] is 
acquired by custom, we should not be at a loss. 

The belief of futurity is from custom. It arisea from the repetition 
of events that arise naturally out of apparent causes, and which are 
every day showing themselves. 



Miscellajteous Noles arid Apothegms. 
a species of vanity : it is wishing or ainiii 



n that wanted to be a great i 



Ambition is a species of vanity : it is wishing or aiming at something 
beyond its powers. 

Tbcre never was i 
great man'. 

Great men have endeavoured always to do some great action that 
seemed to tend to some great good ; and the effect mode them great. 
Wanting to be great is vanity without the power. 

In the first, the person himself is not the object ; or, if he be, he is 
only the neuondary one : in the second, it is the person himself is the 
object, and the thing [to bo doncj is only the secondary. 

Never take a gentleman [fine gentleman, or coxcomb, interpolates 
Mr. Clift:] as a pupil in phpic ; for, depend upon it, it is not simple 
curiosity, it is himsotf that is the object of bis attention : and, whatever 
knowledge he may acquire, is only to employ upon himself, or tease 
others : he becomes his own patient ever after. 

Obligations rendered between equals have an eqnal value put upon 
them by both sides ; and that is the value of the thing. ObtigationH 
conferred by an inferior on a superior enhances the value, not according 
to the value of the thing itself, bat according to the saperiority of him 
that takes it. This increases the [gift's] value in the giver's eye ; while, 
on the other hand, the receiver only values it according to the [degree 
of the] pver ; and even does not put the true value upon it ; and not 
the name value that he would have put upon it if he had received it 
from an equal. This principle is the reason why inferiors blame so mncU 
the ingratitude of Ihe great. 

The degree of estimation in which any profession is held, becomes 
the standard of the estimation in which tlie professors hold themselves. 
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It u uncomfortable to be cmplojred in anything \t here the employer 
U more interested than the employed. This a the vase with phync and 
the bw ; but more with the first ; for, although it is the interest of 
cvoiy modicsl ^ntleman to attend to his patient, yet he can iieldom 
^ve that satinfaction he ooiitd wish. 

Uddicol men are always very ready lo nippoee diseaac, but are nc^er 
ready to doubt. 

It i» inuth moru purdonable to Call into an error than to follow an error. 

Hpeakinf; truth ia no natural propensity ; it is only relating oocnrronces 
thut have Hlniek our senses, and are therefore more lively in our 
imuginutiooB tban anj-thing wo can fdgn. Besides, by law or by aaso- 
vlAtiun, wo have made it bud in a man to lie, beeaose we found it pro- 
duotivD of oyU lo those that uhoosc to speak the truth. 

When a man gives up anj-thing, he has cither u weak mind, or no 
(ertllily of gonlus. 

It rui|uiroa u great deal of courage in a man to continue poor wiaLo 
it la In hia power to got ncfa'. 

Aueiudng Ur. Fox of having debauched the minds of most of thu 
)>iung men of foiihion in tliis kingdom, I was answered, that he wan 
liked by thorn oil ; I made reply, that they were similar in that reopoct 
til thp women ; for thry could not help having a fondness for the man 
that hail soductnl them. 

Mr. Uurko's Bpocchoe put one in mind of a shrub full of flowers, 
which is pretty while viewed ; but, strip it of its flowera, aud it will 
hardly bo taken notice of. 
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Lectures explanatory of Hunter's Manuscript Essay ' On Extra- 
neous Fossils,' and Introductory to the Hunterian Course ' On 
Fossil ItemaiTts,' delivered in the Theatre of the Royal College of 
Surgeons of Ejigland, in 1855. By Professor Owen, F.R.S. 

Lecture I. 

March Gch, \9oi>. 
Ha. PaBsiDENT AHB Gektlbwes, — I propose to devote the prewnt 
Course of Lectures to tbe ilhistration of the Hunterinn Specimetis of 
Fossil Organic Kemaiiu. Tbe Pttlieontologicul is, in fa<:t, now the only 
department of the Museum which has not l>cen system atically elucidated 
in this theatre, to the extent, at least, of the time and ability at my 
command to devote to the fulfilment of the responsible and hononrable 
duties which you have been jdoased to uonlide to me. 

Nor, remote as the subject of Fossils may seem from their aims to 
my purely anatomical and professional auditory, will it be found to be 
without the connexion which Hunter believed, and the philosophical 
surgeon will find it to have with the fundamental principles of medicinu 
and sui^eiy. 

Anatomy, or the scnitiny of animal etructures, may be pimruod — 
irrespective of the vaiious mechanical methods of investigBtion — in 
different ways and with different riews. 

As animal may be anatomized in order to a knowledge of its Btruc- 
tnre, absolutely, without reference to any other animal ; the species 
bdng regarded oa standing alone in creation, uncoimected and uncom- 
parod with any other l>eing or scries of beings. The knowledge so 
acquired may, from the very limitation of Oie field of inquiry, bo most 
accanit« and most minute : it will be moHt valuable in its application to 
the cure of the diaeasee and repair of the injuries of such single species or 
subject. Such, f, y., is 'Anthropotoroy,' or the anatomy of the bumiui 
subject : and ■ Hippotomy,' or the anatomy of the veterinary surgeon's 
principal patient. 'ITie ■ Anutome Testudiiiis Europasc," fol. 1819, of 
BojaniLG, and the ' Truitc Anutomiquc dc la Chenille du Saule,* 4to, 
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1762, o£ Lj-oimet, are unsurpassed exnmples of this monograpliiual 
BpeciM of anatomical science. 

But tlic anatonrnt may apply hiniaelf to a partdcular organ instesd of 
a particular species : and may trace the modifications of such organ as 
&i it can be determined to exist in the animal kingdom : in which 
quest, if begun, as anatomy is usually entered upon, by the human 
subject, he would, with most organs, find them gradually- losing some 
feature of essential complexity, and becoming reduced to a more snd 
more simple condition. 

Thie kind or way of anatomy occupied a great proportion of JiAa 
Hunter's time. He thus, so far as opportunities presented themselves, 
or could be nTniled of, followed out orgim after organ. untQ he bad 
embraced the whole scheme of organs in the most comphcsted organism ; 
and, having so traced down the simplifying modifications presented 
by the animals as they progrostdrely departed &om the perfection of 
the hnman type, ho then assembled the evidences of his labours, re- 
versed the order in which they had been investigated, and banning 
with the simplest form which ho had detected of each ^vcn oi^ao, 
I»laced after it, in succession, the progrcswvcly more complex forma of 
the some oi^an, the series culminating, in most cases, with that which 
exists in the human body. Having thus htboriously obtained Iub 
knowledge and his material evidences of the modifications of particular 
organs analytically. Hunter strove to impart the higher conclnsioiu 
dcducible from those evidences by presenting them in the syntheticnl 
order requisite for such genoroluiations ; as in the arrangemoit which 
governs the disposition of the Fhj~siological Collection in the Uuseum. 

A third kind of anatomy necessarily follon's the synthetical route : it 
is that which takes the embrj-o of a particular species for its suhject ; 
and, starting from the moment of impregnation, or. perhaps, with a 
preliminary research into the progressive formation of the impregnatiiig 
principle and its nidus, or niaterial for operation — the developmoati 
viz., of the spermatozoid and the ovum — then proceeds to follow out 
the consequences of their mysterious union aud mutual reaction. In 
this way each organ is traced step by step in its evolution, until it 
attains the condition suitable for the life-work of the adult parents of 
the embrj'o under invcstigution. And when ihc subject selected for 
the inquiry happens to have belonged to one of tlie higher claesos of 
entmats, it has been found that the gradational series of changes wMoh 
a given organ ])re8ents in the course of its development, resemble in 
some degree the chief steps or links in the series of mature argnus 
derived from difi'eroQt species according to the second mode of iuquity. 

A fourth way of anatomy is that which, beginning n-ith sn iuvestigaticin 
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of tlicstructitreof Bnuiimal initstotality, inordcrtouaderstandhow tho 
fonn or condition of ono orpm is related and necessitated by its functional 
oonnpxions with another, the coordination being adapted to the peculiar 
habita and mode of life of that sqieeies, does not stop at that one spocios, 
but ha8 for its main end, the comparison of thoxe associated modifica- 
tions, interdependenciea, or ctirrolationa of organs in all the different 
species and classes of animals. 

The reaults of this way of anatomical research are made known 
according to the class of animuls inquired into — as, e. g., the anatomy of 
fishes, the anatomy of Birds. &c., in contradistinction to the method 
which governs the aboTO'cited arrangement of Hunter's Physiulogical 
Series of specimens, and the order of the descriptions in the ' Lemons 
d'Anatomie Comparee ' of Cuvier, 

But, in his general collection. Hunter illustrates all the three ways in 
which the anatomy of animals may be broadly and philosophically fol- 
lowed out. 

There is the series of organs in their mature stale, traced &om their 
simplest to their most complex conditions, as in the first dii'ision of the 
Physiological Series. 

There is a scries of tho progreeaive changes or stages in the develop- 
ment of each organ in the embryo and fcetus of different species, as, 
t. 17., in the second division of the same great Series. 

There is, thirdly, a series of entire animals, occasionally dissected to 
show the general collocation of their organs, and arranged, as in the 
Physiolc^cal Series, in the ascending order, commencing with the more 
simple forms and proceeding gradatioaally to the HammnJia and to JJan. 

The Council of this College has done me the honour to confide to mo 
the making of the Catalogues of these sereral exemplifications of animal 
structures, and of the methods by which those stntctures may bo studied. 
And those Catalogues have l>een completed and published, with one 
small exception relating to the Vertobratod province of the series 
arranged according to the classes of animals. 

lu the performance of another department of expository duties — 
those which I have the privilege to fulfll in this theatre — I have, in 
accordance with the terms of my appointment, and the aim which tho 
legislature had in view in attaching a Hunterian Professorship to the 
acceptimoe by the College of the Hunterian Collection, endeavoured to 
make the successive courses of Icf^tures subservient to the elucidation, 
not only of the science of Coinpamtive Anatomy, and of the several 
methods by which it may be studied, but of tho Hunterian series of 
spedmens by which those several departments of zootomical science are 
illnstmted in the Museum. Thus the <hfferent systems and organs have 
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buea treated of, tracing their modificatiojis tnan the most simple to tlic 
rooet complex fomis, agreeably with the order of arrangemeat of the first 
difiraon of the Hnnt^rrian Phjsiologiual Scries, in the lectsres which 
oocnpiod the first five years of my office as Hunterian Professor. 

AilerwardH I made the generation of animula and the development 
of the different organs, the subjeut of two Courses of Lecturer, and illas- 
truted them by the preparutJoQS of the second division of the Hunterian 
Physiological Scries. 

In next entering upon tlie illustration of tho extensive collection of 
Comparative Osteology, I felt it to be my dnty to go as deeply and 
thoroughly as my powers and leisure would enable me, into the qucwtion 
which the two great luminaries of the School of Anatomy and Natural 
History of France, Cuvier and Geofi'roy St. Hilaire, had left undodded, 
in the ardent discussions which agitated the close of their reepectire 
careers: 1 allude to the subject, or line of zootiimical research, which 
is commonly callcnj abroad ■ Philoaophical Anatomy,' but whicJi is, in 
truth, ' Homological Anatomy,' or that which aims at detcnninijig the 
strictly answerable parts and organs in difibrent species, and which 
expresses the succcssftil results of such comparisons, by giving to tlie 
demonstrably answerable parbt and organs in different animals the same 
name. The aggrL'gutc results of this tilth way of anatomical reseorvfa, 
exemplify the extent to which the term ■ Unity of OrganizatiiHi * cob 
bo applied to the animal kingdom, and they show the kind and amount 
of truth which was partly ajipreciatcd by Goethe, Oken, 8pix, nnd 
Cams, but was obscured by the figurative and mimmonly exaggerated 
expressions by which those gifted and aocompUshed intellects endea- 
voured to express a great and pr^nant truth of which they had ob- 
tained different partial views. 

After this Session, as I have never deemed it the privilege of your 
Hunterian Professor to repose upon the repetition of the aama annual 
oourso of lectures, with tho mero addition of the chief discoveries of Uio 
preceding year, I entered upon the study of the Hunterian Series of 
entire animals of which tho Catalogue of tho Invsrtebrated Claasce has 
boen published, and arranged tho facts of comparative anatomy according 
to their eorrelationB in snljscrviency to the habits of particular species. 

In tho session of last year I concluded tho series of lectures in which 
tho animal organization was treated of according to the classes of anj- 
maU, beginning witli tho lowest and ending witti the highcet. 

I stiU look forward to the kind nnd liberal indulgencu of thu Couiiol 
of this College for the ticcnw, if life and lieidth ho Mpnrwl, to rodiioe 
and midte piibUo tho manifold materials which I have nocuDiulntcd tbr 
these bcverul counes of Hunterian Leoturca. 
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It might well be thought that the woya ui which tho philosophical 
investigation of animal oi^nization may be c-airied out, were eKhnusted 
in the monographical or anthropotomical. organical, emhiyological, eoo- 
logieal and homological methods just defined. But there is yet another 
method. 

I do not ikllude to the microscopical mode of research : that is only 
a mora refined method of the scrutiny of animal parts, and has now- 
become an essential one, whether we investigate the structure of an 
organ or of an organism, — whether we are tracing the modifications of 
the heart, e. g., in a sucecseion of animals, or tho combination of the 
pulsatile and other organs in one minute animal. It ia true, that, a-s 
the high powers of the microscope can only be brought to bear on minute 
particles, they have been for the most part applied to the constituent 
parts of an organ, the tissues, as they are termed, whence the term 
' Histology,' now commonly applied to microscopic anatomy. 

But this more refined mode of research, so successtully and eystem- 
Htically pursued within these walls by my esteemed colleague, Professor 
Quekett, must be superadded to tho ordinary procedures of dissection, 
whether wo pursue an absolute anatomy of one species, or enter upon 
the anatomy of animals generally, by either of tho routes, organically, 
emht^-ologicoUy, or zoologically, which I have just defined. Hiatolc^ 
is a minuter mode of anatomizing, but is not a distinct kind of compara- 
tive inquiry. Reckoning it, however, as a Msth kind, what, then, it 
may be asked, ia tho seventh way in which the highest generalizations 
in anatomical science may be aimed at ? My reply is, by purauing inves- 
tigations beyond the animals that arr, to those that have heen. 

Let us assume it to be a truth that tho actually existing animal 
creation forms but a small proportion of that which has lived and ener- 
gized during former periods on this planet. 

Each year brings more evidence of this truth, and narrows the pro- 
portion which the present zoological series boats to the past, — the living 
to the extinct creations ! 

If all the successive races of beings that have peopled, at successive 
periods, the same globe he the work of one and the same Creative force, 
can we hope to gain a due insight into the laws according to which 
that force has opcroted in their introdaction, by limiting our investiga- 
tions to the residoarygroupe of beings that characterize the present epoch? 
As well might we flatter ourselves that we had an adequate notion of 
anatomy from the results of assiduous anthropotomy, as that we could 
arrive at the highest facts in the philosophy of animal structures without 
having first observed and compared all the structures at our command. 
The soundness of the Baconian prindplea of iudaction are too finnly 
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established, too anivcrBolly recognized, too brightlj" exemplified l>y tlia 
gioriou8 results of philosophical inquiry conducted in Babsomcnce to 
them, to permit ua far a moment to etuppoee that they can be set aside 
without defeat and low in the high, if not highest, exorcise of the truth- 
seeking intellect, viz. that which has the lav's of the animal oi^onizntioB 
for its object. 

John Hunter had not neglettcd the field of anatomical inquiry 
presented by fossil organic remains. 

He lived to publish Lttle respecting them. The scientiflc worW 
probably liist become cognizant of the fact that he hod paid any ntten- 
tion at all Id them, when Hunter communicated to the Eoj'al Sooie^ of 
London, in 1793, his paper "On the Fosail Bones presented to that 
Society by His Most Serene Highness the Margrave of Anspach." 

That paper was printed in the 84th volume of the ' Philosophical 
Transactions,' in 1794, as • by the late John Hunter, Esq., F.R.S.,' that 
great man having in the interval been suddenly removed, at the age 
of sixty-five, under the distressing circumstances so well known, tram 
the scene of his surprising and exemplary labours. 

Those men accustomed to think, who heard or read that paper, 
would recognixo in it the mind of the great master. It is characterized 
by the same broad views and acuta insight into the phenomena under 
review, by the same unexpected illustrations which only u wide em- 
brace of facts could have suggested, by the some bold eicuraionii into 
fields stretching away far beyond the immediate subject of the memoir, 
which peculiarly mark all the papers from Hunter's pen. 

But the memoir to whith I refer, would bo far from imprivsing an 
adequate conception of the extent to which Hunter bad pushed hia 
examination and coUection of fossil organic remains. A few private 
friends might be aware of bis zeal and interest in this, at that timo, 
neglected or scarce known field of anatomical inquiry ; and they might 
have marvelled at the cause of such zeal in the aequisition of the 
* extraneous minerals,' or ' fossils,' which seemed so little raised is 
importance above tbo ' native minerals ' with which they were then 
commonly associated. 

In those lettetB which, since Jenner's death, have come to light, 
addressed to the favourite pupil by the revered teacher— both names 
now alike immortal ! — and which letters are intnidnced into the life of 
John Hunter prefixed to Palmer's edition of his works', scaroely one 
of them omits a reeoounendattou to Jcnner to secure for bis corre- 
spondent whatever foaiijl remains might fall in his way. 

In regard to tlie paj>er In the ' FhiloaupUiuil Transactions,' if luistily 
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read, that single posthumouH published contribation by Hunter to 
Palsoutology, might full to leave an adequate iinpressioa of the degree 
in which Hunter knew and appreciated the value of fosail remains ; and 
accordingly ve find that Cavier, usually bo equal and exact in bis notice 
of the labours of his forerunners, cbnracterizeB the memoir oa fossil 
bones by '■ le cel^bre chirurgien AnglaJM," as one " qui n'a que lour ana- 
lyse chimique pour objet," — as one that had only the chemical analysis 
of the fossils for its object. 

It is true, that in this paper Hunter incidentally introdueeo the 
reanlts of a very extensive series of such chemical investigations, and 
he describes the different conditions in which the original animal matter 
may be found in petrified bones, teeth, and shells more truly and de- 
finitely than it has since been done by any modem Falaaontologist, their 
attention having been almost exclusively paid to the anatomical and 
loological characters of fossil remains. 

Thus he remarks, — " All operations respecting the growth or decom- 
position of animal and vegetable substances go on more readily on the 
surface of the earth than in it ; the air is most probably the great 
agent in decomposition and combination, and also a certain degree of 
beat. Thus the deeper we go into the earth, we find the fewer changes 
going on ; and there is probably a certain depth where no change of 
any kind can possibly take place. The operation of vegetation will 
not go on at a certain depth, but at this very depth a decomposition can 
take place, for the seed dies, and la time decays ; but at a still greater 
depth, the seed retains its life for ages, and when brought near enough 
to the surface for vt^tation, it grows. So mething similar to this takes 
place with respect to extraneous fossils ; for although a piece of wood 
or bone is dead, when so situated as to be fossilixed, yet they are sound 
and free from decomposition, and the depth, joined with tho matter in 
which they are often found, as stone, clay, ic, prescrvea them from 
putrefaction, and their dissolution requires thousands of years to com- 
plete it ; probably they may bo under the same drcumstancce as in a 
vacuum : the heat in sncb situations is uniform, probably in common about 
52" or 53°, and in the colder regions they are still longer preserved. 

" I believe it is generally understood that la extraneous fossils the 
animal part is destroyed ; but I find that this is not the case in any I 
have met with. 

" Shells, and bones of fish, most probably have the least in quantity, 
having been longest in that state, othenvise they should have the most ; 
for the harder and more compact the eai'th, the better is the animal 
port preserved ; which is an argument in proof of their baring been 
the longest in a fossil state. Prom experiment and obsenation, the 
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nnimal part is not a]low(^d to putrefy, it nppcara only to Le dissolved 
into a kind of mucus, and can be diacoverod by diasolving the eerth in 
an acid ; when a shell is treated in this way, the animal subetanoe is 
not fibrouB or laminated, as in the recent shell, hut without lenacity, 
and can he washed off like wet dust i in some, however, it has r slight 
appearance of flakes, 

" In the shark's tooth, or giosBo-petra. the enamel is ramponod of 
animal sulistancc and calcareous earth, and is nearly in the same quao- 
tity as in the recent ; hut the central part of the tooth baa ita animal 
Buhstance in tlie state of mucus interspersed in the coJcai'eous matter. 

" In the fossil bones of sea animals, as the vertebrte of the whale, the 
animal part is in large quantity, and in two states ; the one having 
some tenacity, but the other Uke wet dust : but in some of the border 
bones it is more firm. 

" In Ihe foKdl bones of land animala, and those wluch inhabit the 
wat«rf>, as the sea-horse, otter, crocodile, and turtle, the animal part is 
in considcrablo quantity. In the stag's horns dug «p in Great Britain 
and Ireland, when the earth is dissolved, the animal part is ia con- 
siderable quantity, and very firm. The same observations apply to the 
fosHtl hones of the elephant found in England, Siberia, and other parts 
of the globe ; also those of the ok kind ; hut more particularly to thsir 
teeth, especially those from the lakes in Ameiica, in which the Hnimn ] 
part has suffered very little ; the inhabitant find Utile difference in 
the ivory of such tusks from the recent, but its Laving a yellow stain ; 
the cold may probably assist in their preservation. 

" The state of preservation will vary atcordinp* to the substance in 
which they have been preserved ; in peat and day I think the ino»t ; 
however, there appears in genei-al a species of dissolution ; for the 
animal substance, altliough tolerably firm, in a beat a Uttic above 100° 
becomes a thickish mucus, Hke dissolved gum, while a portion fi-om the 
external sur&ce is reduced to the stato of wot du«t. 

" In encrusted honea, the quantity of animal substance is reiy 
different in differont bone«. In those from Gibi-altar there is very 
little ; it in part retains its tenacity, and is transparent, but ths ntper- 
flcial part dissolves into mucus. 

"ITiose from Dalmatia give similar results when examined in this 

" Those trora Germany, ospeciolly the liarder bones and twth, aemt 
to contwn all the animal substance natural to them : they differ how- 
e\-er among themselves in this respect. 

" The bones of land animals have thrir calcjiroous cnrth united with 
Ihe pliosphoric acid instead of the aerial, and. 1 brlirvp. trlniii it whnn 
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fusailized, nearlj in proportion to the quantity of aniinnl matter they 
contidn. 

" The mode by which I judge of this, is by the quantity of effer- 
vescence : when foaail bones are put into the muriatic acid it ia not 
nearly so great as when a shell is put into it, but it Is more in some, 
although not in all, than when a recent bone is treate-d in this way, and 
this I think diminishes in proportion to the quantity of animtd subatance 
they retain ; as a proof of this, those fossil bones which contain a 
email portion of animal matter, produce in aa acid the groat«it effer- 
vescence when the surface is acted on, and very little when the centre 
is affected by it ; however, this may be accounted for by the parts 
which have lost their phosphoric acid, aud acquired the aerial f carbonic 
add], being easiest of solution in the marine add, and therefore dissolved 
first, and the aerial acid let loose. 

•' la some bones of the whale the effervescence is VC17 great ; in the 
Dahnatia and Gibraltar bones it is less ; and in those the subject of 
the present paper it is very Uttle. since they contain by much the 
largest proportion of animal substance'," 

The results of these varied chemical experiments would have afforded 
the most convincing answer to the objections so rife, in the century 
or two which preceded Hunter, to any scientifio deductions from fossil 
remains, because, aa it was contended, they were mere sportive evidences 
of the plastic force of natnre, — an idea entertained by the great ana- 
tomist Fallopius, amongst othera, who maintained that certain tusks of 
elephants dug up in his time, in Apulia, were mere earthy concre- 
tions. Had he known that those tusks contained a quantity of the 
very gelatinous substance which formed the basis of the human skeleton. 
and that the earthy matter of the supposed concretion was the same 
peculiar combination of lime with phosphoric acid which hardens the 
human bones and teeth, the learned Professor of Padua would doubtless 
have been led to reconsider his assent to the current delusion of his 
day, as to the nature of the fossils submitted to him. 

The observations on the chemical conditions of fossil bones, form, 
however, but a small part of Hunt«r's paper published in the ' Philoso- 
phical Transoctioos.' 

He compares the fossils which are the subject of his text with the 
osteology uf recent animals ; determines their generic affinity to the 
bear; and shows not only that they differ from any of the species with 
which he was able to compare them, but also that the fossils differed 
from each other. For reasons which Hunter assigns, from having 
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observed the dUferent-cs of shape which the skull of a curmvorous 
animal presonts at different periods at life, he expreoseB himself with 
philosopiiie caution on the nature and value of those iliiFereneeo. •"' How 
far the fossils are of the same specie among themselves, I cannot aay . 
The heads differ in shape from each other ; they are upon the whole 
much longer for their breadth than in any carnivorous animal I bnow of. 
They bIbo difTer from the present white hear, which, as far as I hare 
seen, has a. common proportional breadth. It is supposed, indeed, that 
the heads of the present white bear dilfer from each other. Bat tils 
truth of this asttertion I have not seen heads enough of that aninml to 
determine." As, at preaent, my object is to illustrate thespirit in which 
Hunter had entered upon this most interesting application of his anato- 
mical science, I will merely request attention to the laat-quot^d remark 
of Hunter, as explanatory' of the reasons which led him to begin and 
jealously carry on his accumulations of compnrativo osteology, and the 
abaolute necessity of poasessJngskuUHof the aoroespeciesof the different 
sexes and at different ages, in order to fix our determination of pro- 
blomatic fossils on a rccuto basis. 

" Some of the fosail aknlls." Hunter proceeds to remark, ■' when com- 
pared with the recent white bear, would soem to have belonged to an 
animal twice ita size. But the varieties among the fossil bear'a bones," 
he affirms, ■■ ta not less thnii between these and the recent." The truth 
of this remark is esempUfled by the names Ursus tpelirm, Ur»v» honthi- 
frons, and UrmuprucM, applied by Cuvier and later palteontol(^t8 to 
the fossils described and figrired by Hunter in the memoir of 1 793, frgm 
which I quote ; in which it will be plainly seen that the observed 
difference, due to age, in the shape of the skull of one and the some 
species, is adduced as only one of the cireumfitauces to be taken into 
eocsi deration in comparing recent and fossil crania, and that Huntor 
by no means assorts, as Cuvier affirms', ■• that the differences which 
he had detected between the fossil and rt-cent skulls, and between the 
different fossil skulls of the cave bcare, are of the same nature and degnw." 

Having conchided his oomparotive remarks, and shown that the foasila 
differed fi'om the recent species known (o him, and also differed from 
each other. Hunter next briefly alludes to the different aituatione and 
climates of the globe, to which animals are more or lees confined. The 
terms in which he expresses his general idee on this important topic are 
peculiarly characteristic of his style and mode of thought. " Bones 
of animals under drcnmstances so similar [i.e. as to theirimbnlding and 
fossiliiation], although is different parte of the globe, one would hava 



naturally Kujiposed to uoiisiat eliieBy of those of one dass or order in 
eacJi pluto, one prinuiple acting m HUth placM." ITie principle hei* 
alluded Ui is the gi'and reault of ibe estonsive zoologicul researches 
which have since established it, under the term of the ' Geographical 
distribution of aniraalM.' Hunter's first glimpnc of it wems to have 
begot as great a difficulty in its expression as that of the resemblance of 
the phases of embryonic life to the series of inferior forms of animal 
spedes, which he was the first to enunciate [p. 203]. But, in both cases, 
he ha4 recouree to explanations of his meaning, and tries to deliver himself 
of the some idea in other forms of words ; thus, after the first enunciation 
of a supposed localization of particular classes or ordcni of animals, " aC' 
cording lo one principle," Hunter next proceeds to say : — 

" In considering animals respecting their situation upon the glche, 
there are many which arc peculiar to particular climates ; others that 
are lees confined ; and others again which, probably, move over the whole 
extent of the sea, as the shark, porpoise- and whalc-tribee ; while many 
shell-fish must be confined to one sj>ot,'' 

And here, by the way, it is interesting to find that the migrations of 
the marine animals to which Hunter alludes, as ' probable ' in the species 
recited, are precisely those regarding which loologists of the present day 
Btill entertain some difference of opinion ; but all seem now agreed that 
certain Cetaeta of the southern hemisphere differ specifically from those 
of the northern seas. As to the application of the law of Geographical 
distribution of oninuds to fossil remains. Hunter's philosophical sappo- 
sition has been abundantly confii-nied, by the marsupial character, e.g., 
of the fossil mammalia from the caves and tertiaiy deposits in Australia 
— the land of kangaroos : and by the ^gantie sloths, armadillos and 
anteaters, whose remains occur '■ under circumstances so similar" in 
South America, to which tract of dry land true anteaters (Sfiiniitatpluuia), 
nrmadillos, and sloths are now, and seem ever to have been, confined. 

Hunt«r, in the memoir from which I quote, next proceeds to tonch 
upon the nature of the evidences by which fossil remains might eluci- 
date the changea of temperature to which different parts of the earth 
may have been subject at different epochs ; and he points out more di- 
stinctly, and with more detail, the eridcnce which extraneous fossils 
afford, respecting the alternations of exposure and submersian. or of drv 
land and sea. to which different parts of the earth have been Mibject at 
different epochs, 

" From a euoccssion of such shiftings of the sitnalion of the sea, we 
may." he writcA, " have a Btratnm of marine extraneous fossils, one of 
Mrth, mixed probably with vegetables and bones of land animals, a 
stratum of terrestrial extraiic-ona fossils, then one of marine productions ; 
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but from the sea carrying its inhabitants along with it, wherever tfaore 
are thoee of land aninmls there will also be a mixture of marine on«» : 
Bud from the sea commonly rejuaining thouaanib of years in oeoriy the 
same ritnatiun, we have marine fossils unmised with any others'." 

ITie importiince of the study of fossil remains in the elutidation of 
the nature of the changes to which tlie earth's uurfii<« haa been subject, 
above dwell on by Hunter, haa subsequently been ubundantly eonfinued, 
and placed ia very strong light by the rescarclieB more particularly <rf 
Cuvier and Brongniart ou the structure of the tertiary deposits occupying 
what ia called the ' Paris Basin," and on the fosaik, and more especially 
those of the Montmartre quarries, which have reudertKl that locality so 
famous. By the light of these fosails Cuvier was enabled tb refer the 
succession of the eocene strata near Paris to severul altemationa of 
marine and freshwater deposits. 

One other characteristic of the paper in the ' Pliilmiopbical Trans- 
actions,* and I have done with that published evidence of Hunter aa b 
Paleontologist, — the frequent, and for that dal«, bold allusions tbereio 
made to the ' thousands of years' reqiured tor particular operetioiia, or 
the lapse of time appreciated both as regards geological phenomena and 
the foHsilizntion of animal remiunB, 

'•Although," writes Hunter, " apiece of wood or bone is dead wlien so 
Ktuated as to be I'uesilized, yet they are sound and free from docom- 
pDHition." How true that remark is, the microscope has since abun- 
dantly demonstrated. The spiral vessels of plants, the tubular struc- 
ture of teeth, are as characteristic tn the completely siliiified as in tho 
rocent specimens. "The depth,'' Hunter proceeds, "joined with tho 
matter in wliich tlicy are often found, as stone, clay, iJic, preserves 
them from putrefaction, and their dissolution roquiioe thouBunds of 
years to complete it." It is plain, from these allusions, that Httnt«r 
appreciated the necessity for an ample allowance of post time, in order 
to account philoHOphically for the geological and pala»ntolo^cal opera- 
tions which the subject of this paper for the Royal Society led him to 
inveetigate and reflect upon. 

Before entering upon the neit ond more important evidence of the 
extent and spirit of Hunter's researches into the zoology and anatomy 
of estinct animals, and the associated phenomena elucidating the past 
history of our globe, I must promise the traditional history of that evi- 
dence, as I received it from my prodoccssor Mr. Clift. 

Hunter, with his nsual indefatigability, followed up his first memoir, 
on t}te fossil bones submitted to him by the Usrcgrave of Anspach, bjr 
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ft second memoir, summing up the eontlusiorw which he had deduced from 
his study of ' Extreneous Fossils ' in general. Part of this memoir Mr. 
CUft wrote out under the dictntion of Hunter ', chiefly from separate sheets 
or slips of paper, on which Hunter hnd doubtless, from time to time, 
noted down the observations he had made and tho ideas aa tht^y arose 
in his mind, out of those obaerrations. This constructiTO intellectual work 
was performed in the evening, Hunter liaving previously taken his usual 
hour's sleep after dinner — a sacred hour, in which he was only to be 
disturbed in matters of the utmost emergency. Thus refreshed, the 
philosopher returned to his study, and passed the hours from eight o'clock 
to midnight in the business of writing or dictation. Tho penning of 
the paper ' On Extraneous Fossils and their relations,' was one of the 
first of Mr. Clift's evening-labours after he joined Mr. Hunter's honse- 
hold. This manuscript completed, Hunter took it, corrected it ; and, as 
Mr. Clift believed, eommunicated it to the Royal Society'. 

What followed thereupon Mr. Clift subseijuently heard from Sir 
Everard Home. The attention of the Secretaries or Council of the 
Royal Society had been called, by some of the Fellows, to the expres- 
sions in tho first paper, on the " thousands of years " required for such 
and such geological phenomena ; and, in the second memoir, the Secre- 
taries found that a chronology of the earth, widely difi^erent from the 
usually accepted one, was more directly and emphatically affirmed by 
the author, as essential to the rational comprehension of the phenomena 
he treated of, while, at the same time, the adequacy of the chief or sole 
geological dynamic, at that time recognized, visi. the Mosaic Deluge, to 
aocoont for the presence of marine fossils on land was called in ques- 
tion. Considerations for the repute and interests of the author himself 
may have swayed his advisers in the recommendation to him to submit 
the MS. to a geological friend, before finally sending it in for formal 
acceptance and perusal before the Society. Major Itennell, author of 
some papers in the ' Philosophical Transactions ' on ■ Tides and Cur- 
rents.' and other geographical subjects, undertook the delicate task of 
submitting to Hunter the misgivings of the authorities mainly respon- 
sible for the publications of the Heyal Society. He did it in these 
words : " This leads me to remark that, in page 3. jou have used 
the term ' many thousand centuries,' which brings us almost to the 
^offMS of the Hindoos. Now, although I have no quarrel with any 

' [It ia uot pmlnbla that the oUipr smanuenai* iru Mr. WiUi»m Bell, oi ii 
affirmed in the preliwe to the 4th rd. of thi« MS., reoentty pubtitbed b; the Boysl 
College of Surguoiii: he went to Suidbitk in 1 TBI), and died therein 1702.] 

° [I Bad no record of ita formnl proaenlattoii to the Society, 'ax the Minulet of 
Council of Uut |>0riod (ITOU-W).] 
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opmions relating to the antiqnitj' of tlie globe, jct there are a deaorip- 
tion of persons very numerous and very respwtalile in overy point but 
their pardonable supers titione, who will dislike any mention of a tipocifii: 
period that ascends beyond 6000 years : I would, therefore, with submia- 
Bion,(]ualify the expression by many thousand ytari.instead of OMi/uri«." 
Hunter would not modify hie statements, and he withdrew the paper. 

If this be the correct history of what took place in rcferencw to 
probably the last, and certainly most interesting, of Hunter's writinga 
— and I give it literally as I received it, and oa I know Mr. CUft 
implicitly believed it — what a striking illustration it affords wf tho 
immense progress in geological acicnco which has been achiercd be- 
tween the date of Hunter's demise (1783) and the publication of Btidi- 
land's 'Bridgewatcr Treatise,' 18361 What a cheering eridenw it 
affords of the influence of Natural Truth on the receptive menial fwul- 
ties of mankind ; and how remarkably it exemplifies tbe d^rre in vhlcli 
JohnHunter had surpassed. not merely his own age, but the elite of it, vit. 
certain of bis scientific contemporaries and fellow-labourcis in the Society 
expressly founded tor the promotion of Natural Knowledge 1 

And now I con imagine the eager inquiries of my geological hearers 
as to the fate of this traditional contribution, by tho greatest pbysiolo- 
^st of his time, to their favourite and fascinating science. 

With equal pleasure I can assure them that this precioua iiianasori|it 
exists. 

After the demise of the first 8ir Everard Homo, it was trausniittod 
by his son. Captain Sir E. Home, R.N., to tliis College: Ihe minute 
recording its reception hears date April 2nd, 1 83tt. 

This manuscript, entitled " On Extraneous Fossils." displays the 
charactcriiitic plain legible {juality of the well-known handwriting of the 
amanuensis, — pale, indeed, and faint by lapse of time, and with a boyish 
stif&iess of character due to the early period of life when Mr. Clift 
penned it, under the dictation of his venerated master. Above all, and 
moat important as stamping its authenticity, almost every page bears 
some correction or addition in the handwriting of John Hunter himself. 

This monnscript, moreover, bears the unmistakeablecharafteriaticeof 
its author's style and mode of thought. It demamls for its apptrciation, 
if not iU oom prehension, some approach to the power of mental labonr 
and application which governed its production. The attention of its 
readeraandof my audience will not be excited, or their probable wearine^ 
relieved by any graces of style or artifices of rhetoric. Pure trullj, tho 
plain expressdon of the thoughts and conclusions to which his fsets hnW 
led, are here, as in nil Htmter's n-riling*, the sole nim of tbi withnr. 

What, however, it mnv hr "Kkcd. wi-c the r!-.-- ■-. -t-' t"- Mr:.- 
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the Ia»t man to wnt« upon a subject that he did not believe himself to 
have thoroughly investigateii, — what were the groiuids on vhich he 
had based a diBsertation on the gonei-al subject of ' Extraneous Fossjla?' 
The reply is given, mo,st nmjily, by the collection of foeeil remmne 
whiuh he had made at the date of its compoeition. which was close 
upon the period of his demise ; most satisfactorily, by tlie systematic 
arrangement of that collection ; by the juxtaposition, in some instances, 
of the recent analogue with the fossil, and by the evidence of hia close 
attention to the subject in the Catalogue which he left of those arranged 
specimens of Palueontobgj'. In this Catalogue, a greater proportion irf 
the specimens bear names than la aay other of Hunter's MS. Catalogues : 
aueh names, at least, as Hunter could obtain or determine in regard to 
them ; the locality of the I'ossU being, liiewisc, in most instances recorded. 

Having completed the descriptive Catalogues of the Vertebrate Fossils 
and a general survey and preliminary clasB-arrangement of the Inverte- 
brate FoBsilB, I am enabled to state that the Hucteriau specimens of 
fossil organic remains include, of those belonging to the classes Mam- 
malia and AvM, 330'; Rrptilia and Pisces, 351"; of InvertebraUd 
classes, a092 ; the total number being 2773*. 

The classification adopted by Hunter in his MS. Catalogue, with his 
posthumous manuscript on Extraneous Fossils, will appear in tho general 
Preface to be appended to the final volume of the Catalogue now in 
course of preparation' [1855]. 

Ueanwlule I propose, at our nest meeting, in justice to Hunter, and 

' [Ttie ToluniB inoluding the deecriptioiiB of titrue totah wa* publiahed in 1846,] 

> [The Tolumo including the descriptionB of these foeaili was published io ISM.] 

> [Ibe Kditor of the edition of (he Himterian US. on ' Eitraneoiu Fouili,' 
liiirriedly printed bj the Council of the Rojal OollogH of Surgeoaa in December 
1869, «tiiMB, with oharBCteriitic stupidity snd indilFerpneo to accuracj, "The num- 
bor of Himterisn Fossili in the collection aniountwi to 415" (p. ii. pt. I),^thepreui«e 
iiumbera hniing been eipresaly racorded in the Prelacea to the printed CatAloguei 
of 1845, \SiA. and 1866.] 

* [Having aocopled the oRice of Superinlandent of the Natural History Depart- 
uients in the British Musciun cnrlj in 185A, tlio CalAlogue of the FosaiU in the 
Hunleriaa Museum pawed out of my responsibility and care, and tho cwmpletion 
of tho concluding tolume was confided to Prof Morris, F.GA In the preface to 
that volume, published at the latter pert of 1856, no allusion is made to the Hnnteriao 
manuscript, which Ur. CliA had, in 183t). formally brought under the notioe of the 
Coundl and Board of Curator*, as an ' Introduction to the Catalogue of Hunter's 
Collection of Exljsnoaus Fossils,' and which had been more empluticaJly brought 
to their ntlention by my locluns in March ISHH. It was not until tlieir attention 
had been for the third time called (o this manuscript, by my request in October 1850, 
to nppend it to the pnoent colleciion of Hunter's wriling«, that it was suddenly 
determined to print it without lots of time ; and a reason aaigned wliich will bv 
found in tho Appendix (C.).] 



to aroid any chance of interrapting the attention to liu chain of renaon- 
ing of some who niuy be prrsent, and may be niach better qualified to 
onderstand the subject than myself, to read the puper through vithout 
eomment. In a sitbsetgaent Lecture I shall point uut the ststcmenta 
and eoni-la^ona in which Hunter had been anticipated by previous 
writere. I shall next endeavour to show how fiir ulterior investigntians 
may have confirmed or confuted any of hia proportions ; and lastly, I 
shall give a general or summary \iev of the chief principles of goologic«l 
and paUcontoIogical science which have been detennined rince Hunter 
wrote on the subjeet. 



Lecttee 11. 

March 8th. 
[The m&ntiscript read on this day, in the Theatre of the Boyal Collc^ 
one, not having been printed, us I bad recommended and hoped, 
irith the concluding volume of the Catalogue of the Hunterian FossiJfl 
" published by the Councdl of the College in the couibo of the following 
roar, and three years having since elapsed, I concluded that the US, 
might not, in the judgment of the Coundl, have been deemed of Boffi- 
dent importance to be iemied as a collegiate publication. I therefora 
wrote, on the 2.5th of October, 1859, a reapectftil request to the Preodent 
and Council, to which the following answer was returned : — 

"Boysl College ofSiu^eon*, London, 
ilth day of Kovember, I&W. 
— In reply to your application to bo allowed to have a copy 
'inado of the Hunterian manuscript on geology for publication in » 
volume you are preparing for the press, which will include a seloctioii 
from other Hunterian manuscripts copied by Mr. Clift from the originals 
before they passed into the bonds of Sir Everard Home, I am dewred la 
acquaint you that the question of the publication by this College of the 
said paper, together with the other unpublished Hunterian miuiasoripts, 
IB under consideration, and that the C-ouncil docs not consider it iid- 
le, pending such consideration, that the paper on goalogy should 
e published in the maimer you propose. 

" I am. Sir, your moat obedient Servant, 

'■ EnxirND Belfoub, Secretary." 
" Profagor Owen, jre. 4re." 

The manuscript iu question was thereupon sent to the printers, and 
WFW published in 4lo, by the Council of the CoUpkh. Docembor 2.1rd, 
|Ho9. Reference will be made to this volume in tlie quotations cit«d 
in the next Leclore.] 



."f4H 



IIUSTEk's POSTHOMOCS paper on F0S8ILB. 297 

Lectdee III. 

Uorch lOlh. IS&S. 

Mr, President and Gentlemen,— In Mfllment of the intention cot- 
pressed in my first Lecture, in reference to the Hnnteimn manuscript 
which I read at our last meeting, I proceed to point out the principal 
propositions in it, which, now generally accepted aa true, had been, 
though perhaps unknown to Hunter, enunciated more or leas clearly 
before his time : I propoae to show what projMwitioua of his were new at 
the time when he penned them, and have been subsequently rediscovered. 
I believe I may be able to indicate some views of Hunter thtit are now 
novel, and being true, are direct additions to geological science : in a 
few instaneos I shall have to point out his mistakee ; and more frequently 
to endeavour to throw light upon his obseuritiea of expression. Finally, 
I ohall briefly allude to the guiding principles of geological and palxeon- 
tological science that have been established since Hunter's time. 

First, as to the title of Hunter's memoir "On Extraneous Foeeils;" — 

In Hunter's time the term ' fossil,' as a noun, was used ia the same 
sense as that in which we now use the term ' mineral.' Thus Da Coeto, 
in his ' Syllabus of a Course of Lectures on Fossils,' deHvorcd in London 
in 177S, begins by stating that " Fossils ore not organized bodies, nor 
have they seeds : " and twenty-one lectures are devoted to the varioua 
dasses of these fossils, such as earths, clays, metals and semi-metals, 
which he terms * Native Fowils ; ' the concluding sis lectures are devoted 
to ' Estranoous Fossils,' or ' Parts of Animals and Vegetables found 
buried in the Earth.' These were called, before that time, ' Figured 
FossUb,' — a term indicative of the still lingering notion that they were of 
the same nature as ordinary minerals, but bad assumed, by the operation 
of a plastic force of nature, the figures of parts of plants and animals. 

'' Extraneous Fossils," writes Hunter, " make one part of a class of 
preserved parts of vegetables and (tnimftla ; and as moat vegetahlee and 
many ports of a great variety of animals can cither be preserved them- 
selves, or make such impreaaions as mark the originals to be either 
vegetable or animal, whith are lasting, we are at no loss to say what 
bad been either vegetable or animal : — but for the understanding of 
which, it will be proper to take a general view of such preserved parts, 
and to give some of the principal leading facts to establish a principle 
respecting their preservution. 

" As vegetables are formed only on the land, and ore stationary, and 
as animals ore formed both on the land and in the sea, also inhabiting 
both ; and may be said to be stationary respecting the elements in which 
they live : and as they are all found in a fos»l state now in the earth 
which is not covered by water, as if all had been originally formed there- 
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it naturally leads lu into un inrefltigadoii of the operations that niual 
have taken place on the surface of this globe ; and which also, eotiuma 
the extraneous foesils go, leads to the fbnnation of native or nuaeml 
fossils. But it is to be understood that this investigation has notluiig 
to do with the original fonnation of the oartli itself: for that mast h«*e 
been prior to the formation of the extraneous fossil, which has only 
a connexion with the changes on the soriace ; therefore, as in ibe 
fossils, our mode of reasoning on this subject may be termed retrogmde : 
it is supposing from the state of the earth now, what must have taken 
place formerly ; for we are obliged to take the facta, and gnese at their 
cause ; their history, prior to their discovery, being entirely unknoiWDj 
and few relative circumstances, leading to it, being almost left wholly ta 
conjecture ; for we have few intermediate circumstancce leading from 
one to the other ; the distance of time between cause and eficct is too 
long for observation, and history ^vee na but little assiBtaneo, hardly 
a hint. 

" In this investigation we are obliged to search after the caoaes of 
operations from effects completely performed ; hut ae these may be nuule 
out at some future period, their history becomes a kind of mark for 
future ages to judge by, and will be the meuns of correcting the errors 
wc now naturally run into : all of which we should have l)een unablo to 
consider, if we hod not the preserved parts of sea-animals, each in a 
great degree exploining the other. 

" The fossils of sea-animals inform us of the change of place in tha 
waters, otherwise we could not have supposed it ; just as we would 
trace the remains of former actions in any country by the monomeat* 
left, judging of past by present." 

" As this is a subjcet connected with, or makes a part of, the Nktural 
History of Vegetables and Animals, it has by me been oecauon- 
olly one of my pursuits, with a view to match the fossil with the 
recent animal, and see how the present corresponded with the past ; in 
which time I have, with the assistance of my friends, made a oon- 
siderahlB collection', and have arranged thom according to a system 
agreeing with the recent." — Pp. i A ii. 

Hunter, in defining ' Extraneous Fosmls,' does not limit them to 'Parte 
of Aniinaln and Vegetables found buried in the earth,' but extends the 
term to ' impre*iHions," • eiists." and ' moulds of such ' — a doas of evi- 
dences the value of which has suheequeiitly been ftiUy appreciated, and 
which has been foimd to include not only impressions made by the doad 
I, but those left by the footst<'pe of Uving animala, as wttU aa 
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tiy operationa of iuorgtuiic nature. It liaa become a distmut bnnoh of 
Ujeeoienc* of fossil rtimains, under the name of ' Ichnology". 

■• Vegetables," he says, '-are formed only on the limil." By Uij« 
Uimtvr probably meant that, whether they grew in an utmosphcre of 
HIT or water, they grew on and from the earth ; as the seu-weeds of our 
coBfit ore attached by their discoid roots to rocks and stones, and the more 
obvious freshwater plants grow, also, from thebottoro. There are, how- 
eror, exceptions to this rule : a very lui^ one — the floating ■ Sargaeso ' 
of the Gulf-stream — had escaped the memory of Hunter ; this sea-weed 
is generated and developed in the ocean, aa freely, as independently of ita 
bottom, as the whales and fishes that are bom or brought forth free, 
and, as Hunter states, are ' formed in the sea.* 

I would next request yoor attention to Hunter's ide« of the proper 
end and limits of the study of geology and fossil reraaios : — " This 
investigation," he tells us, " has nothing to do with the original forma- 
tion of the earth itself: but has only a connesion with the changes 
on its surface." 

I ["Thwp nreXiteral riruonistaiices undtT which imprcMions made on a part of 
the (»rth'i turfaep, wft enough lo admit them, maj be preserved kfler the impreHing 
bodj hu iMTuhed. When a gheli sinks into sand or mud, which in oourse oT time 
becomw hardened into ilone, and when the shell ie removed b; sn; solTBnt that . 
may have filtered iJirough the matrix, its plaee ma; becoou! oocDpiod bj crystalline 
or other mineral matter, and the ovidence of the shell be thus preaerred hj a cast, 
for wliiuh tbe cavil^ made by (he shell lias serred as a mould. If the shell has sunk 
vitli ite animal within il, the plaatia matrii msj enter the dwelling-chamber at far 
as tbe retnuled soft parts will permit ; and as tlieae alowl; melt awaj. Uudr plaoa 
maj tierome occupied by crjstaUiiod deposits of an; siliceous, calcareoiu, or otiier 
cr^slBUizable matler that may hate been held in sohition bj water porcolating the 
matrix, and such crystalline deposit may receive and retain some colour from the 
•ofV ports of wliich it thus becomes a cast 

" Eeidencea of sort'tiodied animali, aiiGh taAvtinia and iVnfus?. imd of the exciv- 
menlal droppings of higher animals, bare been thus prMerred. Fossil remains, aa 
tliey are called, of soil plants, such as sea-weeds, reeds, eslaniiles, and the like, are 
usi^lv casts in matrix made noturall}' after the plant itself has wholly perished. 

" Bren where the impressing force or body has been remored directly or shorUy 
after i( has made the pressure, evidenoe of it may be preserved. A superficial £Idi 
of clay, Icnoeious enough lo rwiat awhile the escape of a bubble of gas, loay retain, 
when petriGcd, the eireular trace left by the collapse of the burst vesicle, Tbe 
lightning flash records its course by the ritrifled tube it may have constructed out of 
the sand; particles melted in its swid passage through the earth. The hailstone, 
Ihe rippla ware, the rain-drop, even the wind that bore it along and drove it slanting 
on tlie sand, have been n^lored in carts of the cavities which Ihej originally made 
on the soft sea-beach ; and the evidence of these and other me1«oric actions, so written 
on imperishable stone, have come down to us from times incaleulably remote. Every 
form of animal life that, writhing, crawling, walldug, running, hopping, or Impinfi, 
eoiUd leave s track, depression, or footprint betiind it, might thereby leave similar 
laslinc evidence of its exisicncc. and also to some extent of its nature." — Owen's 
■ Tatoonlologv,' Svo, 1P60, p. I.VJ.) 
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Prior to Hunter's time the main baiuness of geolog}' seems to bfti'e 
been to distover the mode in which the terraqueoua globe or^isated, 
and to traee the effects of those cosmological euiiseB whish were con- 
jeeturod to have been employed by the Author of Nature to bring thia 
planet oat of a nascent and chaotic state into its [HYiaent habitable 
condition. 

Thus the philosopher Hooke, the oontcmporary, and, in some respects, 
rival of Newton, who enteriiuncd ideas of the nature and instruct- 
iveneas of fossil organic remains far beyond his age, yet with a mind 
biassed by the idea of the Ifosaic univenal deluge, writes in 1688, 
" During the great catastrophe there might have been a changing of 
that part which was before diy land into sea by sinking ; and of that 
which was sea into dry land by raising, and marine bodies might hnre 
been buried in sediment beneath the ocean in the interval between the 
creation and the deluge." 

Wrtodward, Professor of Uedidne, the founder of the Geological 
Museum of the University of Cambridge, and the collector of the moat 
complete sorieK of fossil oi^anic remains of his time, mainly employed 
the numerous and instructive tacts at his command to support a cosmo- 
logical hypothesis, according to which " the whole terrestrial globe 
was taken to pieces and dissolved at tho flood, and the strata to have 
settled down &om this promiscuous mass as any earthy sediment &om 

After Woodward, sncceeded Burnet, with his " Sacred Theory of the 
Earth "(1690),in comparison with which, as Lyell tndy remarks, " £re3) 
Milton had scarcely ventured in his poem to indulge his imagination bo 
freely in painting scenes of the Creation and Deluge, Piu-adise and Chaoa." 

A remarkable oomet appeared in 1680, and gave rise to many specu- 
lations on the nature and powers of those erratic celestial bodies, the 
boldest and most systematic of which were pressed into the service of 
geology, and made by Whiston the dynamicid basis of his " New Theory 
of the Earth." This, like the preceding oosmognnies, retarded the pro- 
gress of truth, by diverting men from tho investigation of the structure 
and the fossils of the earth's crust, and by inducing them to waste their 
time in speculatiuns on tho power of comets to drag tho waters of the 
ocean over the land, or condense the vapours of their tails into an over- 
whelming deluge. 

To come nearer to the time of Hnnter, we find that Buffon had also 
his " Theory of the Earth ; " but as he did not profess, with Buniet and 
Whiston, to show that the explanation of geological phenomena and 
fossil remains, according to tho Mcwai<! cosmogony, was " perfectly 
agreeable to reason and philosophy," the great naturalist rcccirod an 
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official letter ttom the Sorbonne, inviting him to eend in an explanation 
of Ms '* reprehensible opinions ; " the result of which was a declaration, 
in the next published volume, hy Buffon, " that I abandon everything 
in my book respecting; the formation of the earth, and, generally, all 
which may be eontrury to the narration of Mosea '." And yet, as one of 
our best living geologists has remarked, the principle which Bufibn was 
called upon to renounce was simply this ; that the present mountains 
and valleys of the earth are due to secondary causes, and that the same 
causes will, in time, destroy all the continents, hills, end valleys, and 
reproduce others. 

Werner, like Buffon, attributed all the geological phenomena of the 
earth to the operation of the waters. The great Qeiman mineralogist, 
who flourished contemporaneously with Hunter, appears to have regarded 
geology as little other than a subordinate department of mineralogy. 
His errors and failings chiefly arose from his mistaking the right aim of 
his labours, and committing himself, like his predecessors, to a general 
cosmologiual theory, that of ' universal formations,' which he supposed 
had been " each in succesKion simultaneously precipitated over the whole 
earth from a common menstruum, or chaotic fluid." 

Werner's unrivalled quality was a tact in detecting the nature 
and composition of minerals, and their natural position in particular 
rocks. He successfully taught their external characters ; and he was 
ihe flrst to direct attention to the constant relations of superposition of 
certain mineral beds. To the late venerable Professor Jameson, of 
Edinburgh, a pupil of Werner, this country is mainly indebted for the 
apphcalion of all that was soimd in Werner's system to the advance- 
ment of goologioal science. 

I have selected the well-known names of the eminent and highly 
gifted men who have committed themselves to ' Theories of the Earth,' 
in justice to the aim I have in view. — the exemplification of the truly 
philosophical character of Hunter's mind, of its peculiar adaptation to 
the discovery of pure truth, as exemplified in a field of his intellectual 



' [NeiUuT Buifon nor Galileo ouwi to be • Utrlyn of Scienn.' There ii ume- 
tliint;, purhupe. in the nature of abalruct truth, that i> less akui to our miied and 
aaitabU nature Uisn religioiu and political beliefs: 10100 qiialiliee in pore acienoe 
that liul to engender so wimn B dcrotion, bwauie thej como not ea direcd}- homo to 
our borineu and bosoms, a* the dootrines of Slal« or Ohurch, aSeDting more immedi- 
Mel; our own tpecial welCUn here and hereafter. Man 11 not. tberefore, so mored to 
lay down s life in the ause of oold abstract scimtiflc truth, in ttie pursuit and 
aequiiilion of which he loo often stands alone, as Tor a hmrt-chcriaheil belief, in 
which many of his contemporari™ eagerlj synipnlhiBO "ith him, and are wadj to 
enwurage. applaud, and cherish witJi teneration the metnor; aT eiilferiii); and sscri- 
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labours in which he has been, hitherto, almost unknown, but iu the 
courae of which he clearly recognized Che great principle, that geologicitl 
investigations " had nothing to do with the original formation of the 
<»rth, but had only a connexion with the changes on its mir&cG." 

There was but one cognate contemporary- mind, so far as I con dis- 
cover, who, Eke Hunter, fully appreciati'd the true aim of the geologist. 
I allude t« Hutton, who, like Wemor, was at work at the some time as 
Hunt«r. 

In Hutton's ' Theory of the Earth,' published in the ' Edinburgh Phi- 
losophical Trausactioas ' for 1788. it was for the first time declared 
that ■' Geology was in no way oonuemed abont qnestionB as to the 
oripns of things," 

" The ruins of an older world," writes Hutton, " are visible in the 
present structure of our planet : and the strata which now compose oar 
continents have been onee beneath the sea, and were formed out of the 
waste of pre-existing continents. The same forces are still destroying, 
by chemical decomposition or mechanical violence, even the hardent 
rocks, and transporting the materials to the sea, where they are spread 
out and form strata analogous to those of more ancient date. Although 
loosely deposited along the bottom of the ocean, they bc*come after- 
wards altered and consolidated by volcanic heat, and then heaved Bp, 
fractured, and contorted," 

Evidence of all these operations, productive of geological change, 
have aince been abundantly made matter of observation. The cba- 
ractoristic feature of Hutton's mind was its freedom &om any biaa 
towards hypothetical violent causes ; its exclusion of all causes not 
supposed to belong to the present order of nature ; and the aim of his 
theory was to explain the former changes of the earth's crust by refer- 
ence ezcluaiTcly to natural agents. 

In precisely the same spirit Hunter writes, " Our mode of reasoning 
on this subject may be termed retrograde ; it is by supposing, from tho 
state of the earth now, what must have taken place fonnerly." Now, 
mark the importance of basing geology on a knowledge of the stat^ of 
the earth, as it is now : see the stimnlus it gives to intellectual ac- 
tivity in the right direction : consider the nature and extent of uliservB- 
tioa in order to acquire that knowledge I 

Most rapid, most unexpected, and at the same time most sure, baa 
been the progress made in geology since men, in place of inventing 
causes and coaditions unlike the present, have submitted thcmselvMi 
to search atler the nature of those that now arc in operation, anil of 
whatever in the present state or inhabitants of the earth may be re- 
lated to, or affected by, such operations. 
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The extent of thia precise and enduring knowledge of the cbangea 
of tho earth and the euoceesion of its inhohitauts, hoa been in the ratio 
of the inveatigfttionH conducted on the philosophical prineiples of Button 
and Hunter, which are, indeed, those of the InductiTo Philoaophy of 
Bacon. Whether Hunter had perused the ■ Tlieory of the Earth' in 
tho 'Edinburgh Philosophical Tmnsactione" of 17S8, before he penned 
the passages copied out fair in 17H2, must remain matter of opinion: in 
that MS. memoir, he quotes certain authore which he hod consulted ; 
and I incline, from every eridence of Hunter's habits of labour and 
tjxought in tho pursuit of truth, to believp the remarkable essay, now 
under comparison, to have been, in regard t« this fundamental principle 
of the true aim of geolopcal research, strictly original. 

At all events this is certain, that the success of geology and polteon- 
tology dates from the period when their cultivators abandoned any at- 
tempt to explain '■ the original formation of the earth itself," and 
reatricted themselves in their reasoninga on '■ the changes that have 
taken place on its surface," and to deductions from the present state 
of the earth, as to the nature of those changes that had formerly 
there taken place. The great difference between Hutton and Hunter 
is in the degree of importance they respectively assign to the evi- 
dence of fossil organic remains in the advancement of geological know- 
ledge. 

Sir Charles Lyell, than whom no modem geologist can entertain a 
higher appreciation of Hutton, states that, although " Hatton's know- 
ledge of mineralogy and chemistry was considerable, ho possessed but 
little information concerning organic remains ; thoy merely served him 
ns they did Werner, to characterize certain strata, and to prove their 
marine origin." The theory of former revolutiotts in organic life was 
not yet ftilly reeogniied. Hunter rises far above his contemporaries, 
when he states that " we should be unable to consider tho causes of the 
operations affecting the surface of tho earth if we had not the preserved 

parts of sea-animals Just as we would trace the remains of former 

actions in any country, by the monuments left ; judging of the past 
from the present."' 

The truth and be-anty of this illustration of the use of fossils, has 
been appreciated more and more as the value of the evidences from 
ot^anic remains has increased. Most probably (in my own mind, in- 
deed, 1 have no doubt) the irimHe was original with Hunter. Bnt it is so 
natural an idea — so likely to occur te any one appreciating, like him. 
the ralue of fossil remains, and their application to elucidate the 
liittory of the strata in which they are imbedded — that one cannot lie 
surprised at its having occtirred to others. 
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Thus Hook, in 1068, writes : — ■' However trivial a thing a rotten 
shell may appear to BOme, yet these monuments of nature nru more 
certain tokens of antiquity than coins or medals, since the Iteet of thuae 

niay be counterfeited or made by art and design and tliough it moat 

be granted that it is very difBeult to rend such records of nature, mid 
to raise a chronology out of them, and to state the intervals of the time 
wherein such or such catastrophes and mutations have happened, yet it 
is not impossible." 

The same figoro or simile occurs a hundred years later in Berg- 
roonn's ■ Mcditationes de systomatc Fossilium natnrali,' 8vo, Oxon, 
1788, in which that great chemist, for his time, writes, " Horum con- 
templatio multiplicora habet usum. Sunt instar Dummnrura mcjna- 
rabilium quae de prxteritis globi nostri fatis testantur, uhi omnia silent 
monumenta historica." 

Hunter proceeds : — " But it is to be supposed that any changes that 
may take place are superficial, respecting the aijw of the globe itself; for 
we have no reason to suppose that the materials necessary to work n 
change are deep, such as water, and whatever it can take into solution, 
as also aint ; for, without these two states of matter, no combinatioii of 
matter can take place. 

" These changes are, forming solid matter into fluid, and from fluid 
into BoUd again ; and it is in this last process that the recent vegetal 

and animal parte are, as it were, arrested or caught Such suhslances 

80 caught, ore either preserved themselves j their impressions, which 
must be called a mould ; or their eubstitut«, which is a cast : such are 

termed Eitrani-ous Fossils manyof which retain some of their form 

after many thousand centuries.' — P. iii. 

We have already had to notice Hunter's appreciation of the true tsod 
of geology and paleontology, riz. to explain the {last by what we know 
of the present, and not to invent causes now unknown, by Bjx'oulatitms 
on cosmogony. How far such were from his habit of thought is shown 
by the following : — " Any changes that may take place are BUi>erficial, 
respecting the size of the globe itaelf ; for we have no reason to suppose 
that the material causes of change, such as water, ore deep." 

We have here the indication of the comparatively smaU port of tho 
earth that can he profitably or, indeed, possibly studied according to 
the true inductive method. The greatest depths of mines, the lowMt 
soundings yet taken of the sea, the deepest insight which any uphoavtU 
or fracture of the earth's crust has hitherto permitted human eye to 
penetrate, or human mind to frame a deduction as to the Btmcturo of 
the cnrth, arc extremely small ia comparixon with the semidiameter 
or radius of tlie glolio. Ai'cordingly the best modem peologiRlit define 



their soi<mc« as that whivh treats of the structure and changes of the 
' cruet ' or ' surfiu^ ' of the earth. 

Thus the proper nim of geological investigation, the right way of 
investigating, and the true extent of the field of iuvcatigation, are, at 
the outoet, recognized and defined hy Hunter. 

" Finding," ho remarks, " upon land more parts of marine than ter- 
restrial animaia preserved, and at considerable depth, it naturally leads 
to the idea of sen-animals at least having iindei^ne this process at the 
bottom of the sea ; and if so, then ae that [stratum] in which they are 
found is now land, and as we find ports of land-animals and vegetables 
preserved nearly in the same manner, it leads us into a more ext«nBivo 
investigation of the permanenty of the situation of the waters ; and in 
this inquiry we shaU find that wherever an extraneous fossil is enclosed 
or imbedded, the surrounding native matrix was accumulated, disposed, 
or formed into that mass at the same time." — P. iv. 

Hero Hunter enunciates another important principle, the coevaUty 
of the fossils with the mineral strata in which they are found. This 
principle has since been abundantly established ; the use of fossil 
organic remains, illustrated by Hunter's figure of human monuments 
and memorials, depends upon the demonstration of this proposition as a 
general rule. I do not find it bo definitely laid down in geological 
writers prior to Hunter ; although it was evidently appreciated in a 
certain degree, and with reference to particular strata, by some of 
Hunter's predecessors. 

The exceptions to the rule arise fi-om the formation of one stratum 
out of the ruins of a preceding fosailiferous stratum, when the fossils of 
that older stratum become, together with their matrix, a part of the 
newer one, with which, however, those fossils are fai fram being 
coeval in respect of the period when they actually became fossil. 
Petrified boucs of Pleeiosaurua, e. g., have been transmitted to me, 
together with unpetrified bones of the beaver, from the comparatively 
recent ' till ' of Cambridgeshire, the plosiosuurian remains having been 
washed out of the subjacent gault, when the sea finally retired from 
the uprising land. Such ' derivative" fossils were nevertheless actually 
indoeed or imbedded in the newer tertiary matrix when it " was 
disposed or formed into the mass," now colled ' till.' The exceptions of 
such derivative fossils are, however, comparatively rare, and do not 
affect the conclusions, as to the relative age of a stratum, afforded by 
its obviously and much more abundant proper organic remains. 

" It might be supposed that the fossils of sea-animals would be found 
in every known substance ; because it is natural to suppose, as most 
substances have been formed at the bottom of the sea, that evei^ kind 
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old be finaed Uur, but due; are not: for no waA f«nU have 
yet becB foBBd in gmate. Vrobiiij do tsine on be aastgned for thk, 
bIAo^ wroml o^blaaa here been tomed. mdi m gmuto bamg Uie 
origtnal aetter pikr to ngrtalile or ■mBal ; wfaidi waj be iwobable, 
altboo^ we hare no reamn to nqipcMe tbet the CbniHUiaa of grsnito is 
diSerent from ail otben." — ^F. n. 

One of tlie latest acqoisitian of kBowtedgfr— «ib«eni*« of a gfioenlly 
entertained idw in gecdogr — bean v^oa tberdathv mtiqaity or priori^ 
of the raperficial maseea of gnatta, twniiji) , bamltk. and other 
cryvtalline non-foasiliferous rocks, wbicb, agreeaUj wilh that long 
preraiUng notitai, were coiled ' primary fbnnatioBs.' 

Hunter aUndea to the opinion as cnrrent in hia time, viz. that 
"gnnitewaa the original nmtterprior to regetable or animal;" bat saw 
" no reaaon for auppoeing that the formation of granite ia diflbreet 
from any of the othcra." — P. vii. The subsequent progress of ciie«nieal 
wionco hofl proved that granite i» a product of intense heat: and tliat, 
like other crystalline rocks, it differs, in the cause of its fomuitioti, 
from stratifled fbaiiliferons rooks. Bnttatisfactoiy proof, since nonter's 
time, has boon obtained that some granites are not different in tfasir 
formation, in point of time, &om strata that contain animal and 
VBgoUble romoiiu, bnt that they have been poured out since the depod^ 
tion of the Ibaailiforous beds which have been apraiaed, distorted, or 
metamorphosed by the heat of eoch more reconUr formed and introded 
cryMtalline rocks. 

I will hero moroly refer to the section in the twelfth chapter of th» 
fourth iiliLion of Lyell's ■ Principles of Geology,' headed " No proofe that 
thoM iTyHtjtIlino rotJis were produced more abundantly at remote 
ponodB ;" and lo the admirable memoir by the Duke of Argyll on the 
tertiary uge of certain baaaltio strata in tho Wo of Mull. Only an 
wcomtiliBlied modem geologist will he able fully to appreciate tho nund 
of Hunter, who in the lust I'eatiiry, in refi^reuce to tho then and long- 
after prevulMit belief that suuh crystalline rocks were ' primitiTe,' or 
prior to the fossiliferous, or to vegetable and animal life, saw " no reason 
to aupposD such difTuroDco to exist." 

Hunter acknowledged, indeed, that he had obtained remaina of sea- 
animals tram every kind of mineral, except the granitic or crystallino 
rocks. Iliit t'nignienta of the greywaoke alate, containing miuino 
orgianio remains, liavo recently been found entangled in the granite of 
Dip Hartl, by U. de Beckeadorf. 

'■ We And," Uonler proceeds to say, " the remains of sca-ajiimals in 
evtiry kind of eubstunee excepting granite. We find wood, bones of 
Dca-uniiuulK. Ikiuch of land •animals, in freestone, gravel, day, marl. 
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loam, and poat. These are foimd, and at cooBiderable depth, retaining 
moat of thc-ii original composition ; and we find wood, bones of land- 
animals, as also shells of sea-animals, even in the same bed, encrusted ; 
each of which I shall consider. 

" The vegetable and land- animal subHtAnce show that the sea has 
overflowed the land, and that it has afterwards left it, so ua a second 
time to be bind again ; for it is on what is now land that nil those 
fossils are found which must have been formerly covered with water; 
but previous to that it must have been land, which last is not ahno- 
lutely necessary where only sea -productions are found." — P. v. 

" They show tho accretion, erystallization, precipitation, and tnibsiding 
of BoUd matter, or of all the different earths, both common and metallic, 
in all their diflerent ways, which must have been either mixed or sus- 
pended in solution in the water prior to those formations we now find; 
they show the vast time the sea must have boon in some places, to pve 
ua euoh depths of new accreted matter. 

" Perhaps the depth in the earth of e^raneous fossils might give us 
the quantity of depth of earth of native fossils, formed at any one time 
of tfaereaidenccoftbeResinthosome place; . , . also, as the fossils now 
found in countries whoso climate does not correspond witli the climates 
now inhabited by the recent (which implies that tho fossils can be 
mjitcbed by the recent), we are led to suppose that there has been an 
alteration in the ecliptic ; and they also give us a hint what vegetables 
and animals are probably loat, or are not now found. The first of these, 
viz. the fossil not being readily matched, when fully settled, will in 
some degree explain the second. 

" Not only the formation, or rather the mode of preservation, of wood 
and animal [fossils] is shown by their intermixture with the native, but 
the formation of native fossils is also shown by the voj^t variety of parts of 
sea-animals being found encased in them, and of all kinds of eartlis, 
vii. calcareous earth, flint, crystals, clay, sand, metala (us we often find 
iron and the pj-rites joined with the e.xtraneons foBsil), and in nil slates 
of those earths, viz. some in powder, as chalk ; wet powder, as clay ; 
others ctyatolliEed, as flint, sand ; calcareous earth, as marble, ipar, 
Jte. : but I have observed that we do not find extraneous fosails in 
granite, and yet we have no reason for supposing that tbe formation of 
gconite is ditierent from any of the others. 

" T^e great depth and quantity of those extraneous fossils show that 
the sea must have been a considerable time there ; however, the history 
of countries has shown this, without having recourse to collateral eir- 
camstances to prove it ; for no extraneous fossils now foand are within 
the period of history, not even those hones of land-animals found ia 
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peat, stinil, gravel, clay, or those encrusted, which are most probably 
the most recent of all. 

" The change in the ecliptic would appear by the fosnla and recent of 
the BEunc species having changed countrien respectii^ warmth ; for the 
foBBils of this and other cold counlrice are the moat recent in th« warm ; 
yet this is not universally the case, for I believe that bones of thtt 
elephant are found in all climates. 

" It is very common to find in this country, as also in North Amerion*, 
bones of elephants which are known by their teeth. It is the same 
with the aea-hono, as also the amphibia, as the turtle, with many ahclls of 
worm 'Climates, &c. ; a thing that most probably would not have lutp- 
penod if a change in the situation of this globe respecting the sun bad 
not taken place." — P. vi. 

This extract lirings before us Hunter's views on another great geolo- 
fpcat principle, — the altcmatioiis of sea and land in the samo plaoo. 
First, let me beg attention to the perspicuity with which Huiil«r 
interpreted his evidences of the differences, in regard to the time duriog 
which such alternations had taken place ; to his deduction.^ an to the 
rapidity of the Hu1imer«ion of a tract of dry land, from the penshable 
nature of the foasiLi, as for inxtunce, leaves, i&c, found in such strata ; 
and next oh to the " vitst time the sea must have been in some plao«a" 
in order to allow of the depth of the new precipitated matter. 

Hunter's deductions, that the sea must at some period have ovorflowed 
the now dry land, and that there had liecn alternations of land and 
sea, though doubUess original with him, and strictly in accordance 
with his premises, were not new : they ,arc, in the main, the same u 
those which the excellent eumparative anatomist Steno arrived at in 
10(10, from the study of petrifactions in wrtain strata in Italy. Stcno, 
who had dissented a shark, and had retiognixed the identity- of form and 
stnioturo between the teeth of that fish and the fossil t«.-eth, advocfttod 
the true view as to the nature and origin of organic fossils, wbudi 
LiMmurdo dn Vinci and Fracastoro had. neaily a oentnry before, maiD- 
tuinud ; but which, under a mistaken and baneful impression as to tha 
tendency uf nntiiml truth, and a dread of it, was in Steno'a day rejected* 
Steno, in his mmarkablo work entitled " Be Solido intra Solidum natn- 
ratiter eont*nto." 1669, declares that he hod obtained proof that 
Tuscany must suc-cessively have acquired six distinct configurations ; 
having been twice covered by water, twice hud dry with a level, and 
twice with nn irrcjtular and uneven surface. 

* Tlw lu^ liixlit found tn Amerim do not belong bo tlie uiinul irli<^u Until ws 
Uiul. I liHir ■ ffrliidfr of nn rlpphnnl M<nl me (Vom iIip iniiw plarc. 
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Bo ubo Hunter writeB ; " It would appear that the aeu i 
than oDce made its incureionB in the Hone place." 

The proofs of such repeated uprisings and submemons of purts of 
the eurth are now abundant and unequivocal. 

There is no geologist, no obitorver with a mind capable of oppro- 
uating and interpreting the eyidenees of the djuamics that have affected 
the earth'n crust, but admits that the entire surfaee of the earth has 
been beneath the sea, but not nceessorily at one and the some time ; 
that the Blb>.mations of laud and sea have in many placid occurred 
more than once ; and that '* vast periodij of time" have elapsed in the 
(.uuTBc of these changes and operations. 

With regard to the alterations of climate which Huntor deduced 
from the supposed identification of some of his fcKisilB with those of 
recent animals, he was induced to refer the circumstance to " a change 
in the situation of tliis globe resi)ecting the sun," in other word", to a 
" change in the ecliptic." Here he departs from his principle of ex- 
plaining the past phenomena bj present causes. Newton long aioce 
declared, in reference to a similar supposition borrowed by Liimct from 
an Itahon author, " Alleesandro d^Ii Allessandri,'' in the beginning of 
the eighteenth century, that " there was everj- presumption in astro- 
nomy agmnst any formor change in the inclination of the earth's axis ;" 
and Laplaoe haa since ^trengthencil the arguments of Newton, against 
the probability of any former revolution of this kind. 

It may be a question, however, whether the mental etock now to bo 
dealt with by the geologist does not jield a truer appreciation of the 
duration of time in which the movements of tho stellar and solar 
systems have gone on, than could bo aHbrdcd by the observations and 
calculations of the astronomer in the times of Newton and Laplace : 
whether the inadeijuacy of the analogy, based by Cuvier on the know- 
ledge of the characters of a species during a period of 300U years, 
of such seeming fixity of specific characters, to the effects of inlluences 
on generations succeeding each other during 30U,00U years, may not be 
applicable Ui the oaae of Newton, considering the results of his observa- 
tiooa and calculations under a preoccupation of the mind by the thco- 
lugiui] Bge of the world. 

Hunter's recourse to ■ a change in the ecliptic,' as well oa to " some 
attractive external principle producing a great and permimcnt tide," such 
as Whiston's comet, e. i/., was, however, the oonso(]uencc of a mia- 
conception or miainteqiretation of the phenomena which those hypo- 
thetical causes wore invoked to explain. 

Hunter believed, for example, that the elephants' remains found in 
nortUem and temperate latitudes belonged to the aamc apeaea, or at 



810 I-At r^IfTOLOCT. 

must ta a rmety of the sune gpwaw cf eleplunt. &a that which now 
Itres in tnpaal r^ons- Its sped£c disdncdon &«m tiie existing 
tnpMMl depfaanta was then ta little nndL-nrtood sb tlte specafio distinc- 
tMO of tJne Afirir»a ftwa the Asiatic elephnnla. 

Hie nanciit that aoology and cgmpaistire anatomy had made mch 
|gogre «a aa to diaoem eonaUst difierenccs interpreted as ■pscific di- 
atinctiana, and lo vpflj the aame [aindple to the difTcitintiation of tbs 
fbeail elephant of northern r^ons from either of the exutting tropical 
kinds, the neoMsity for railing in a cataclyan, either through a hypo- 
thetical shift in the e^ptic, or the attraction of the ouean upon the 
oontinents bj a comet, no longer existed. 

Yet Baron Cavier, to whom we are indebted for the first sdraitific 
demonstration of the distinctive characten of the Ettpko* primiyimivs. 
waa as little able to release his mind from the belief in the identity of 
the halnts and food of the extinct elephant with those of the recent. 
aa Hunter was, who ncTertheleas had not the some ground fur cnn- 
eedving a possible difierenoe in its mode of life. Yet nothing is num 
obiions in loology than that different speciea of the same gemtu a» 
adapted by their very specific distinctions to different climates, hare 
different habits, and subsist on different kinds of food. 

Spedes of the genus Sut, e. g., exist in a state of natnre in the 
forests of the tropics aud of eold temperate latitudes. Who can fb^vt 
that fine painting by Joseph Wolf, of the northern wild boar nprwot- 
ing its scanty winter food in a fiuTow of snow ? WQd boare are hunted 
in Scandinavia and in Bengal. Suppose the Dorthern species to havo 
become extinct, and the hog, in a wild state, to be known only as 
a denizen of the tropics: its remains, found in the eold latitudes in 
wliich it had formerly lived, would have su^csted tlie same ideas, in 
reforenuti to tlie necessity of a tropical cUmate, the same conseqamt 
appeul to a violent depaiturc from the ordinajy course of nature, ss wen 
entertained and mooted by Hunter in the case of llie fossil elephant. 

With regard to Uic inflnenco of locality, and of the proportions and 
disposition of sea and land in affecting climate, I beg to refer to the 
6th and 7th chapters of Lyell's ' Principles of Geology,' " On the depond- 
enee of the mean tempemturo on the relative position of land and sea," 
and " The conditions n<i(«8surj- for the production of heat ;" and to the 
chapter on tho " Siberiim Hammoth,'' in my ' History of British Fossil 
Hammalia,' for the proofa that that specioB of elephant, together witJi 
tho similarly wamily-clud rhiaowKe, were originally Siberian, and 
adapted for n tcmperutf if not a cold rJimstc. In the next extract wiD 
be given Hiinti^r's matured imd tiunl views on the sujirome questicoi of 
the extinction of speeie*. 
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" There are very tew toeaia that can be matched with the recent, or 
[eUe] that the recent are not known now to exist : yet though very few 
fosnls correspond with the recent, tboughTeryeimiior [to them], yet they 
may not be of different species, but varietice ; for there ta no more rea- 
son [meaning there is aa much reason] for an animal in the sea varying 
from its original, firom a difference in noil [eea-bottom] and other cir- 
nmistanctfs, than [as] there is for those upon land, which we see thoy 
do : bat If they ore really different species, then we must suppose the 
otd are lost ; therefore a new creation must have taken place. Bot that 
many are actually lost is, I think, plainly shown, by the remaios of land- 
animals that are now not known. Yet how they became extinct is not 
oasQy accounted for." — P. vii. 

Hunter puts the entire question hypothetic ally : he nowhere commits 
himself to a positive assertion. Ho knew that some fossila were " not 
matchable with the recent," hut draws no hasty condnsjon from this 
fact. Such recent anali^ruee might exist, bnt be not yot discovered. 
The fact of extinction seems, indeed, to be "plainly shown by the 
remains of land-animals that are now not known :" and, " if they are 
nally different species a new creation must have taken place." 

But Hunter refrains from drawing, even from the same premiss, that 
extreme conclusion ; for, where the fossils do not correspond with any 
known recent forms, and are only similar to such, " yet they may not 
bo of different species, but varieties," He puts it all hypo the tically : 
and this caution and reticence are eminently consistent with every 
evidence we now poflsenB of his intellectual idiosyncrasy'. 

Hontor, doubtless, called to mind the vast tracts in the interior of 
Africa and Anstralia which were unexplored in his day, and where 
probably euch analogues of otherwise unmatchable fossils might still 
exiat. On the degree of that probability I may afterwards have some- 
thing to say. With the posaibthty, so much greater in Hunter's time 
than the assiduous eucploraliona and extensive collections of Naturalists 
have wnce made it, it was ineompotiblo witli hi» caution and pure love 
of truth to commit himself to an absolute conclusion. But if even 

' (The fact of extinction btdug now coniraaol j Bdmitled, t!ie editor of tlio CoUogc 
edition of the present manUBcript, of course •ffirma of Hunli-r, •' He had. how- 
eynT. perceived Uie Irue nature of Utao tosdlt at relira of >ninniU no longer living 
on the (urface of Ibe Hirth, ai having belonged to ■ former creation, so that, in hia 
own phnse. Ibey could not be • outohal wiUi the recent ' [su abwhile aBMriion no- 
where to be found in tbo MS.l;hefolt that the extinction of gudi mc™, 4c,. nan only 
be elplained bj revolution* in the mirface of the globe during period* of inimente, 
but indeflnile and nnMrtain duration. He may therefore be rtfpirded us having 
laid the foDjidation of that intereKinK branch of taeuce tor whicl] hi* modern i 
nveora have devited the name o( PilKonlology.'"— Prelace. p. .1.) 
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Hunter had been abli; to exclude from hie careful outlook oU poesibU' 
CAUSM of deception, (ind had pronounced abBoIutolyon the PJttinclion of 
apecies, the honest and competent commentator would feel bound tw 
quote from the eloquent ' Epoques de la Nature,' Buffon's proposition, 
" Qn'il y a on dtw C8p^«8 perduee, c'est-&-dire, dos animaux qui ont 
Butrofois exiati, ct qui n'exist«nt plus'." 

£ut we may sately assert that neither aasortiouH would hare eKta- 
bliehod or made current the great idea. Faheontology niuathave de- 
manded more determinate, fixed, and extondve foosdatione. 

£aron Cuvior, by his comparisont) of the fosail bones and teeth of Ui« 
laud-animaltt dug out of tho gypsum quamce at Montmartre, first and 
finally sot at rest all doubts as to entire species and races of animala 
having perished. The foundations of PalEcontology cannot be t 
have been laid before his time. 

Every science more or !c«s depends upon another, and | 
most of these interdependenciw. A rich zoology in 
observed animals and their geographii-al relations, — a pr 
regard to definitions of specific identities and differences, — were an eeeen- 
tial preliminary to tho determination of the specific relations of oi^aoic 
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Now this truly scientific loology was hut dawning in tho days of 
Hunter : it is to the great French Natural History School, which buc- 
ceeded ItufTon and Linnieua, that science is indebted for the state of 
Naturtd History which made a scientific PulsKintolagy possible. Take 
the distinction of the African and Indian elephants, «. ff., and the 
difference in the dentition of both, from that of the fossil northern 
elephant, as exemplifications of the grounds on which specific differences 
have been founded. In like manner the det^'nnination of the distinct 
species of tho living and extinct rhinoceroses on the Cuvierian ))aais wa« 
indispensable for any correct inference from the fossil remains of that 

The fallacy of tho reasoning from tho fossils of .the Elephant and 
Rhinoceros, as to changes of climate, and the consequent invocation of 
n change in the ecliptic, arose entirely frvm the defective state of 
Koology and of comparative osteol<^ ond odontology ot the time whon 
Hunter wrote. He accomplished vast things in his favourite sciencv ; 
he could not do all ! 

Far fi^m offerir^ Rny explanations, by revolutions in the surfnro 
of the globe, &q.. Hunter, after hypothotically suggesting the pos- 
sibility of some epecios having become cxtini't, plainly states that 
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" How they becoioe extinct is not easily Beeounted for ; for although 
wd must Buppose that the species of doer {^Megacrrvs] to which belonged 
the bonea anil horns now found in the island of Groat Britain, more 
jiarticularlj- in Scotland, and still more in Ireland, is lost, yet we ha^e 
reason tfl beUeve they were coeval with the elephant ; for I have the 
lower jftw and tooth of an elephant that were dug up at Ougle [Oundle], 
in Korthamptonshire, twelve feet below the surface, in u strong blue 
clay ; and \vith it, ono of the horns of the large deer." — P. viii. 

This opinion of the antiiiuity of the Megacrrot has been confirmed by 
later obBen-ationa : in Ireland its remains occor in the shell-morl under- 
lying the turbary'. 

Hunter proceeds to express his thoughts on the nature of fossil 
organic remains, as follows : — " No definition can be given that will suit 
every fossil, except simply that which strikes the eye, which in a general 
way is pretty correct. For as extraneous fossils have been and can bo 
matched by such substances in a recent state, and probably the animnlg 
most [frequently], they may in a general way be diBtinguished, and 
this arises from the part in a fossil state having been more or less 
deprived of the parts belonging to the recent, which is the animal part ; 
and which is what principally gives colour to Ihem : thus fossil shells 
have none of those bright coIoutb found in the recent ; yet some shells 
retain something of their original colour, though the animal part is 
dissolved into a kind of mucus, which would make us conceive that both 
the animal and earthy parts were bo disposed as to reflect nearly the 
same colours, but the animal part is by much the brightest : for it ia 
not simply the state in which the substance is that constitutes a fossil ; 
but it is the state, with the mode in which it was brought to that state, 
tliat commonly constitutes a fossil ; for many things might be called an 
' extraneous fossil' if considered abstractedly from the manner of their 
being brought to that slate ; [and, so considered,] every churchyard 
would produce fossils. "^P. xxiv. 

" To establish the principles of fossils, I shall set it down first as a 
principle, that no animal substance con of itself constitute, or be turned 
into, B fossil; it can only be changed for a fossil*." Note the acute di~ 
stinctinn drawn between ' turned into' and ' changed for.' Hunter next 
notices the change of animal matter into 'adipocire,' and remarks, — 

'■ How far critics will consider such to be a fossil, I will not say W© 

find vegetables preaened in the earth retaining their original properties ; 
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bnt whii^h I believe are seldom cuUed ' fossils.' But we hare manj- 
extraneous fossils imitaUng all the appearance of wood, many of 
which had wood for their base ; wc have also the imprSBraotia «f 

" But pniv animal substance without any mixture of earth, staods 
Btill a less chance of beccmiing the basis of a fiianl ; for they are more 
diasolvable in themeelves, or periahable, than most vegetablea ; eren leei 
thaneo of having a mould formed upon them : therefore we hare ffewer 
of them. However, some animtd substances are solid eDoa);li t« pre- 
serve them a sufficient time to have a roonld formed upon them, vit, 
the scales of the turtle, iish, and some insectti. &f. : even hornii might bo 
preserved a sufficient time. However, of these two bet there are Tery 
few in number that can have the opportunity of having a mould made 
upon them ; but as we have no casta of the beaks of the i-uttlu-fisb in 
a fossil state, we may suppose that even this substance is not snffioieulJf 



" The difference of the impressions of fish in marl acbistns, and is the 
bituminous schistos, appeant remarkable. In the marl schisti which 
contain imprcesions, such as those of Verona' and Pappenheim, it is the 
akeleton of the liah whieh has made the priopip.-il impression, whilst 
the skin appears like a film (which cortninly helps to make nanifcet the 
figure best), through which tho impression of the bones are distinotly 
seen, as if the soft ports of the animal had decayed before the mould 
was made. On the contrary, in the bituminous schist, such as those of 
Eisleben', tho figure of the lish appears complete, an if the impreesion 
was made before any part of the animal hod snifered any alteration hy 
putrefaction ; it is probable thai this difiercnce haa been occasianed 
by the properly of bitumen in retarding or preventing putxefactiaii." — 
P.ECvi. 

The principal, perhaps sole, eanae of the difference here noted by 
Hunter between tho Ichthyolites of the tertiary schists of Verona and 

■ [Hunter, vhen he wrote Ihie puMge. had cither not receiTtyl, of not givm his 
tumil BttentioTi to, the beautiful fo«il fnmi Ibo oolitic alato of Solenbofm. No. 8; 
' CMalogue of InTfrtebmli.- FomUb,' id wliich, after detormioing its nntare imder tlM 
name of Lr^Meuthingrncilit, I described " tho mandible* u moderalclj long, tlmder, 
■liljhllx srcihed. trcnr-Iunt, pointeJ, and whoU; homj, as in other Dibnndiiat* 
oephaiqiods."— P. 3. 4to, 18S6.] 

" [Catalogue of Puwdl Repliln and Fiahea. Ko. Ml, Bmrrdu mimmanlli**, 
•• from Mount Tiucna Nova, uear Veronn,"] 

« [lb. No. S13. "TmpTMabn of b Finh: Uie litwd qiiil* miahod, the tail also 
cruahwl; many of the acbIm are broniod: from Kislebcn. near Mwufcltll, I'ppw 
Baiony." Orig. Hrmturian Catalogue. In llie ■ Cilolugus of Fowil Bcplilei and 
Fi>h(*.- 4I», tS.'H, p. !«!.] 
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MoDtc Boli:a, and of the rcrmiiin iwJuBte of Eisleben, is the different 
structure and compoaition of the sc4des of the estinct fishes of those two 
remote geological periods. In the earlier (Permian) period the fishes 
were •gnaoid," orhud bony andenamcUcd scales which became petrified; 
in the later tertjarj- period tlie fishes were ' cjcloid' or ' ctenoid,' i. e, 
had flexible and .sulnble scales like those of most osseous fishes of tho 
present period. With the better dermal ossification of the older fishes 
was nstially aasociuted a lees complete ossificution of the oudo-ekeleton, 
nod the rcrerse in the later fishes ; all which circumstances combine to 
make tho erideaces of ' secondary' fitthcs to be chiefly scaler, and those 
of * tertiary' fishes chiefly skeletons. 

Hontor divides fossils iato thrce kinds : first, fossils proper, ha^'ing as a 
basis tho earth of bones and sheUs, retaining their shajw, tbongh not 
always thoirtextore ; secondly, 'casts ;' andthii'dly, 'monlda,' ■■ miat 
are called ' vegetable fossils' are no more than cither a change of matter, 
or a cast ; and in loaves or soft vegetables there is nothing but the 
mould, the two sides of which are in contact, as if pressed together 
after the impression had been made and the vegetable destroyed." — 
P. xisi. 

" Another spedes of fossil is a gradual decomposition, and a new 
deposit; where the whole parts originally composing the bone have 
been removed, and an earth of some kind deposited in its place, keep- 
ing up bU the same stmcturo and arrangements as in the original bone. 
That tliis is the ease must be evident, as there is not a single grain of 
Dolcareous substance in the whole composition.''- — P. xxxiii. 

■• We find the cavity formed by the two valves [of a bivalve shell] 
often tilled with different earth j frecjaentty very beautiful crystalliza- 
tion in it ; the same in the univalves, and, which is very common in 
the Nautilus and Ctirau Ammonis, their cavities being not easily filled 
witli gross matter. Some have, in the place of the shell, constantly a 
coot of a peculiar cry stall! zatton forming calcareous spar, such as tho 
Echinus, the Elncrinns. and probably aU of the star-fish kind, which 
would seem to have been decomposed, and a new mode of crj-staUlzation 
has taken place. Their structure in tho fossil state is certainly not 
similar to the natural. It would apiwar that the original had hardly 
sufficient calcareous matter to fomi such crystalli/ation, though probably 
not new matter. Such are often found in chalk, and filled with the 
same, or are imbedded, as also filled with a siliceous matter from a pale 
to a black flint," — P. sxxiv. 

■■ The sea has afforded the truest fossiLi, and the greatest nnmber : 
■ . ■ , Hivers," Hunter proceeds to say, '■ carry into the sea various 
earthy mattei-s either mec.haiii<'ully mixed or in solution, which matters 
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convert themselves into extntneous fos^ by forming eillicr a mould 
or cast, or both, of the organic remains edtber at the bottom of the 
■eu, or which are carried into it. Thas the sea has both the fbs- 
Bilizing materi&la and the bodies to be foesilizcd. The sen girea life, 
and of course contains a much greater number of animals than the 

same surface of the land does Such are constantly dying, 

and such ports of diem as are not perishable, such ss the earth of 
bones and shells, will, by losing the animal part, by time, become 
what we may call a ' Fossil ;' and others, from being in water impr^- 
nated with such materials as arc capable of imbedding their substance, 
or filling their cavities with such matter, will also be con^dered u 
• fossil '."^P. xsxvi. 

" We may obHcrce that the amphibia, and such as inhabit both the sea 
and land, as all of the Phoca-tribe. white bear, io., likewise sea-fowl, par- 
take of the before-meationed mode of fosdliiation, by dyii^ in the soa ; 
for wherever there has been a shore, there we shall find the amphibia ; 
as also many of the fowl-tribe, called sea-fowl, which feed in the water, 
which may die in the sea near the shore, or bo hronght down in the 
rivers, will be carried into the sea, and be fossilised according to the 
fore-mentioned jnetbod, and will be found along with the sea productions. 
But thoy will also partake of the second situation, as in large valleys 
leading to the sea, which were formerly arms of the sea or inlets, whioh 
are to be considered as having been moving shores, as the sea gradually 
leaves the land. leaving materials it had robbed higher land of, raising 
the bottom, or forming a now sur&ce. le«sening the depth of water at 
these places, which renders it slower and slower in its motion, as boforo 
described, at last becoming a river. Such new land will buryin it aacfa 
productions, whether of sea or land, but most of those common to botli, 
as shall either die in it, or being brought into it, constituting chiefly such 
animals that inhabit both land and water, as also amphibia, with lond- 
onimals that came there, or vcgotablos that were brought tbore, making 
a heterogeneous mixture. And I believe it may be observed in genera], 
that the fossil bones of land-animab or birds nre commonly found in 
such deposited materials, as gravel, sand, clay, ic." — P. Mivii. 

" fint the preservation of vegetables and land-animals is most probably 
not confined to such situations alone. A change in the situation of the 
Boa most probably has been a cause in the production of such fossils, 
which constitutes a third situation of the production of fossils. There- 
fore, to preserve vegetables, bones of land-animals, and many birds, one 
of two circumstances must have token place : first, a change of the 
ifltuation of the sea upon the land where such productions ore. But in 
[regard to] what may be called ' land- birds,' there will bo a few of 
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them [found foesil] ; for hardly an}- change in the land or Bea con take 
placo but what they caa fuUow, — the new rising land, as it wen, 
growing out of the waters, and abandoning the old, which now becomoa 
covered with the waters,"— P. xsxviii. 

" Sut we find wood in greater plent)^ fossilised, aocording to the first 
Hitnation, and which wus moat probablr in the depth of the sen, tlian 
the boned of land animala. Wo also find wood which bos been affected 
by the sea at two diileront periods ; firtit, when in the xtute of wood, 
[during which period] it has been eaten by the Pholas [^Pholadiili^y, 
and their canals have been filled with flint, &t. ; and then the wood 
ittielf has been changed. I suppose, as above described. We also find 
wood eaten everywhere and in all directions by those worms [^Teredo 
anUnawla], which we find eutiag the bottoms of ships at this day, and 
their canals filltni with spar, iind the woody texture changed. I have 
also wood whose mucilu^oua parts liavo been destroyed or decayed, 
and the interstices, or first conak, which maybe coasidei-ed as sap-vesaela, 
are filled with calcareous earth, making it Lord and heavy; and when 
hteeped in the muriatic acid, tho wood comes out to appearaaco entire, 
but could have been crumbled down to a powder. I have a piece of 
wood which has lost its mucilaginous jiart, and its two ends are, as it 
were, tipped with agate, as if half-changed.'' 

" We find fossil wood not much different from wainscot ; and what 
mako^ me call it fossil wood is, its ends, and some uf their intersticea, 
arc filled with agate, . . We find agate reprcsenliugwood in every respect 
excepting in the species of matter; we find it imbedded in stone, as 
Portland stone, &c. ; and in such it has commonly undergone a complete 
change ; and what is very curious, it shall bo imbedded in a kind of 
hard freestone, and yet itself bhall be agate, therefore has probably 
undergone a change before it was imbedded : and probably the mode of 
decomposition and new combiaation led to this difference between wood 
and agate ; for as one particle of the vegetable is destroyed or removed, 
a particle of earth is deposited in its place, something similar to the 
double elective attraction, something similar to putting a piece of iron 
into a solution of blue vitriol ; but the particles of earth deposited must 
be equal in size to the particlos of vegetable removed, therefore much 
more in quantity than what there was of earth in the particles of vege- 
table ; and one could almost conceive that it was simply an exchange, 
for the centre of such fossils ore commonly much tho hardest, while the 
outer parts appear hardly to he changed. This mode gives the appear- 
ance of the oripnal structure of wood, giving the strata [of growth], as 

' lltiirilprinn S|vvimeiu, No«. lOiy, 10I4.| 
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also tho knuts. Eron colour would nppcar to nrisp from this exartnem 
of disposition, for the layers are often of difforcnt ooloura, probably 
similar to the original wood. If so. then colour tuises more from the 
mode of arrangement than from the kind of matter'." — P. xxxix. 

" In peat, one could conceive that the trees hud only to fall, and 
afterwards to sink down into it ; but I believe no such wood grows in 
peat, therefore they must have heen bronght there, and that only by 
water ; or [they may have] grown there prior lo the formation of peat. 
But the animals which could come there had only to die on lie BurCoce, 
and in time they would also sink deeper and deeper into it ; and thia I 
imagine might be Iho case with the beavers in this country. whoM 
bones are found in the peat-mossoe in Jierkshiro. Or, as peat is anp- 
poaed to grow, we can conceive it rising higher and higher above eoeb 
substance. 

" Bones arc also found in gravel, cloy, marl, loam, Ac. ; and as wo 
have found the sea-horse bones [Hippopotamug'] in gravel, Ac. in thi* 
country, I am inclined to think that such situations have been sbofvs or 
arms of the sea, at last constituting mouths of rivers, where the nnimiil B 
have been accidentally swept away by floods, accidentally drowned, Ac.. 
where gravel, clay, &c. have subsided, as before described ; for it givM 
more tho idoa of being a consequence of the sea leaving the land than 
an effect produced by a continuance of the sea in the part, according to 
our idea of the formation of the true fossil. But the difficulty is to 
apply this to the bouea of some animals that do not now exist in the 
same countries where they are found ; as also [to] the bonce of aniinida 
that probably do not now exist in any country. 

" This looks like a destruction of the whole species of such anlmale at 
the time [during] which [those] animals were probably confined to such 
countries ; and which might also be tho case with the beaver in tliJs 
ooimtry ; and it being a more universal animal, its species is preserved 
in other parta. The same observations apply to the sea-horse [ifij^M- 
poiamus], as also to tho elephant," .... 

" Thus we have in many parta of this inland the bones of unknown 
animals, such as a lat^ species of deer { MeijacennJ, an also the core of 
the horns, and bonce, of some very large animals of the bull-kind 
[BiionpriKUM, Bog primuftnius], 

' [P. xl. I had defrmiiDBd tnd named a U»jo proportioD of the TOgeUbtfl fowUs 
of the original HoDterinTi uoUeetion. at Ihe time whea I nailed in; offio* in the 
College of SurgeoQi, kiid when l)i« eotiiplrtion al tlie Fonil CaUlogiu wh left lo 
oUien. I know not nh? all notice of tliw inatruetiTo fonila. together wilh Urn MS. 
K) frequendj reTerring to Uwm. ahoDliI Iwtb twen oaiittcd in the third Tolume pnl>- 
luihed townnl* the cIok of ihat ^ror] 
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" There are many more of bikJi bonos as are found in the peat in 
frcland; many in Scotland, both in peat and other 8iibstanc«a." .... 

" I also bring into thie cliiSH the animiil whose tiH'th ore sent ub from 
America [Miutodoaffigantsas], as abo from Siberia [JSIfphasprimigenius], 
of an immense large eise. 

" It IB reasonable to suppose that this animal does not now exist 
anywboro. And as tlie deer, whose bones we fonnd-in this country 
and in a. similar way also, does not owst. we may suppose that the 
destruction of them both was similar; and as thp elephant*, sea-horses, 
beavers, Ac, do not exist in the countrieB where these bones are found, 
wo may suppose that in these countries they were subject to the name 
fate ; but such being more universal nnimals, the species ore preserved 
whore such [destructive] cause did not take place."— P. xlvii. 

With regard to the antiquity of the human race, Hunt«r quotes a 
letter which ho bad received from Sir James Hall, of Scotland, datod 
Rome, February 24th, 1785. 

In this letter a hill is described that lies about three miles &om 
Rome, in the road to Loretto, " It is about 3l>t» or 400 yards beyond an 
old tower, called Torre del Quintal. A tomb, colled Ovid's, is dug into 
it, and fifty or sixty yards nearer Some is a gravel-pit, which is the spot 
in question. The hitl terminates abruptly in a vortical erag, at the foot 
of which the rood passes, leaving it on the left band as one goes from 
Rome. This erag exhibits the internal structure of the mass, which 
consists of horiiwntal strata. The hill is about 100 feot high above the 
level of the plain along which it passes : — 

" Ist. The upper part, on which the vegetable earth reels, is a bed 
00 or 80 feet thick, of a kind of tu& or soft volcanic stone, full of 
lumps of black pumice of the si^e of a fiat, more or leas. 

" 2nd. A stratum of rolled pebbles, of voiious kinds of stJine, some 
calcareous, some flinty, and some pumice. In general they have under- 
gone some action, which makes them crumble when taken out ; in some 
places they are bound by a calcareous cement, and in others little 
attached, and mised with sand, This stratum is about 3 feet thick in 
one place, and tapers from right to left to the thicknees of a few inches, 
on un extent of thirty or forty yards." .... 

'• We found the bones contiuned in this box in the first stratum of 
gravel between the two beds of tufa. We got up to this place by a 
bank formed by the crumbling of the hill above, and the matlors thrown 
out of the gravel-pit on the right side of it. There is the greatest reason 
to suppose that the place where they wore found bad never been moved 
unce the tufa fame there ; that is, that the bones and the stones of the 
stratum were placed thore by the same cause, and previous to the 
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ti^t to kA, a^ pntaUjr goea fJoAcr to lite left m Uut place, wben 
tli« atistan of gtwrd {mmm aksg Oe imif «f the gnml-pt ; bat then 
it WM hMmiibhj. We £d ost die an^wbeiv sbore 3 fe«t into the 
haak, beag ibid of farat^ag itmn (he rad abate by imdennuuBg it. 
It appean eotaki Oat tte boBo vera fannght then, along wtdi tba 
pebUca, kioae, aa bone^ Bdt m anaeeea, fnr Oej- ]ie atsttejcd together 
without the Icart CMtnexMU ; aad th<ar amaber b m> great, camparad 
to the apace thej ocatpjr, that there wonU not hate bees rooa far M 
maoj bodiea. 

■' Tlietr nataie iaTariana,and indimtea the pieeGiwe of at least fiwor 
six dutinct kind* of land-animals, and aacog the nat, two indmdsal* 
of the hnman tfrae*. — J. Hul." 

" Thu hiU [Honter proceeds to sa;-] murt harr been fenned befure the 
Romana took poaacMion of thia place, and fffobaUy by the foimatioin of 
the hill. The Tiber made ita way in this direction, for it cuts thr httl 
acroaa. Thia ia probaUy the only instance met with of human bono 
being in aocha state'. Bat ia fotore ages, when the present rirvraiiiBj 



' [Flint^impaw called * oalU,' nnqoHliiniafalj tuhioiwd b^ human handB, bars 
btan diwo*and in Mntifiad gnreL contuniDg reniBhi* of Om mAmiiioth, in tba 
rtllrj of On- ftonune, near Abbcrille and Amien*, at diflerail perioda. from the jear 
1M7 (Boiu'W do PMha, -AntiquiUs Celtiqaei MAntodauTiouie*,' Parti. 18W) to 
llifl pranit litae. Tboe eridcncca of the human Bperisa have htm utraded Eron 
liin rlapoait In qunrtioD, bj Mr. PraMwich, IT feet bom the mrCtw in undiMnrtwd 
ItrouiidfPraBcdinporiheRojBlSociet;, Ji»j26. ie.W),by Mr. Flowvr. at 20 CsM 
rniTnllw turfaoH In a (xnnpwt niaMorgnitel (' r»wj, November l^h, 1859). bjrU. 
(laiidry (IVInnllut.' October 6ch. IMll), and bj H. Q. Fouotwt. all whh their omi 
ItanilR.intlMdounwofthej'ear 18Gfl. Deaidi* the£!f<p*aiprimt7mitis,mDauuol SM- 
Hurnfon lii-hiiThtnim. Ctrvui lanmenmt, Unut rptlmn, and of a largo ntind boriae 
•iiiniaMianbwnfoundinlhDiamobedof graieL Hr. Pnetvidi, after icare^Miily 
irf tlHr|iMili>|[Jnalml«tion*urihinbnl.nricr*itloIbepaM-plioame age. and to a period 
"wiUwior to iJki aurfuD a«umin)E iu pment ouUine. »o far aa some of ila minor 
faBlurva arti nin<>vm(>d," 

fllmlliir flltit-wnapoiu had hern preriouilf disMTerod bv Mr. John Prcre, FIL8> 
(■ArohjBoloj^a.' »ol. liil. "An Anwunt of Flinl-wnpons dbcoTcred at Hoineinauf- 
rnU." IWHIJ, in ■ bedorfliiil-Kravul.KtfratbiJowthe aurbu, probably ofthewtM 
gnilii)(i[<al atfc u lliat in the *ali^ of the Bomme. 

niiil-Bwiliiiin haFo he^n diwioviTred miied indifcriniiiinlrlj with Ihci bonM of 
till) nlinni caTe.bnr anil rhinoeeriM ; onn in |»rtii)uUr wu met with beneath a fina 
nnLlirr ofa nHtr-doeraiiil « honnof thv oavo* bear, imbedded in the MipcrSrial lUlag- 
niilc, in Ihf bonK-Mvn at Rnilum, during Ihe careful etploration of that cat*, 
n>m1iir1*d b; a mmmlttoe of the Qrolagiutl Soda^ of London, in 1650. 

Df. Falraner hu t>ommunlrst«d (ProMcding* nf thr QroIogSi'al EaaiAy, Jnaa 
!£!, Wrfl) \\,t r*t»lt* 'tf hia Mamixalion nf nHircroiu fiTCa in Palrrmo, and. in nape«t 
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take a. new tuvn [through localities] in which are dopusitod human 
bones, many inftj be found ; for, in sinking the caissons for Blackfnurs 
Bridge, a human skull was foimd twelve feet andor the bed of the 
river." — P. liv. 

Hunter agiun returns to the subject of the eridences of geological 
action and of change of climate aflbrded bj fossil remains, in the fol- 
lowing passages, ■' As most of the extmneous loaails we find we the 
remains of sea-animals, it becomes the basis of our argument that 
the superficial native fosfdls were foimed or accumulated at the bottom 
of the waters, and therefore we must suppose that the sea must have 
been in those situations where we now And the extraneous fossils, and 
there they must have been fossiliKed while the sen was upon them. 
This leads to the investigation of what might be called the progressive 
motion of the watcre ; but how far there is any systematical regularity 
in this shifting of the sea, time alone can discover ; for there are little 
ngns of it. 

■■ We may observe that moat countries have some of both vegetables 
and animulii peculiar to themselves, although muny vegetables and 
iinimalB are common to every one ; and this peculiarity is more confined 
to latitude thiin longitude ; therefore if we wei-e to reason entirely from 
the present vegetables and animals on this globe, we .><heuld suppose 
that the vegetables and animnls found in a fossil state in any latitude 



lothe 'MaotagiioneCavc,' hedrawalhe following inferen«« : — Ihat it "nnHllcdup 
to the roof within this human period, §o that a thick la^ver of baae^flplint^r*. leeth. 
Und-nhelli, coprolilei of Hi/ima. and hiuiun ohjects, wiu ngglutinated U> Llw roof b; 
(he JnflttrBlion of wsler holding lime in solution ; that Bubsequont.lj. and within tha 
human period, such b greot amount of change look place in the phjMcal coiiBgura- 
\M>a of tho district u to have caused the care to be wanbed out and en]ptjed of ita 
cont«nta. excepting the floor breccia and the patchea of materiit] cemented to the 
roof, and since coalfd with additional rtalagmito." — P. l.Sfl. 
Sir CharloB Ljell beiieree " the antiquity of the AbbeTillo and Amieca flint insttu- 

nenls lo be great indeed if compared to the times of liistorj or tradition It 

■oust have required a long period for the wearing down of (he chalk wliicli supplisd 
the broken flinia (or the formation of so routrh gravet at varioue heighta, •ometimes 
100 feet above the present lerel of the Somnie, for the deporalion of fine sediiaent. 
inrluding entire dieljg, both terrestrial and aquatic, and aba for llie denudation 
which the entire maaa of etratiHed drifl; boa undergone, portions having been swept 
BWaj, » Ihat what remoina of it ofleii terminates ifaniptty in old rirur~cliflB, besides 
boingeovcred bjan unstralillcd drift. To piplain these changes, I should infer oon- 
■iderable osdUaliona in the lefel of tbe [and in that part of France — slow moveinenla 
of upheaval and aubiidenco, deranging, but not wholl; diaptaciDg, iJie course of 
ancient riren. Lastly, the disappraranoe of the elephant, rhinon^ros. and other 
genera of quadrupeds, now foreign to Europe, implies, in like manner, a vavt hipse 
of ages, separating the era in which the fosail implemenu were framed and that of 
the invasion of Osul b; the Bomaoa." — Addreaa, on opening the Seittion of Qeoln|[j. 
si llio MceliiiR oftJie Britith .Vwociatjon nt Aberdeen. Sept. Ijlh, tS.'ili] 
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vould coireapond with the recent v^etaWe and animal of the some 
latitude ; but we find this not to be iinivereally the caae in orery vege- 
table or animal, although it is bo in some. It therefore leads to a. sup- 
poeitJon that not only had the sea shifted its poaition respecting th» 
surface of die globe, hut that the position of the poles respeotiiig the 
BOD had been altered, ho aa to have thrown different surfaces cf tha 
globe oppofflte the sun, which might he the cause of the watera ehifting ; 
oud this aupposition anaea from the fossil parts of animala of one dimata 
being found recent in that of another [i. «. animala found foeidl in one 
climate are recejit in another], instances of which we hare mmaji 
and many recent animala of a peculiar climate arc found in a fossil state 
luuTeraally. while many are not yet matched in any. I shall only take 
the elephant as an instance of the second : I suppose that this ntiimal 
can only live in a warm climat«. The prosorred bone« of elephants 
being almost universally found, ia a proof of their having been ather 
at one time, or at different perioda, a very universal animal 

"HiBtorygivcsiianodeterminedaccount of this change of the waters; 
but aa the Sacred Eistoiy mentions the whole surface of the earth having 
been deluged with water, the natural historians have hii hold of this, 
and have conceived that it would account for the whole. Forty days' 
water overflowing the diy land could not have brought mich iju&ntitiM 
of sea-produetiDDs on its surface ; nor can we tnippoRe theuce, taking «U 
possible circumstances into consideration, that it remained long on the 
whole surface of the earth ; therefore there was no time for titoir being 
fossilized ; they could only have been loft, and exposed on the snr&oe. 
But it would appear that the sea has more than oniio made its incor- 
siona on the some place ; for the mixture of land- aud sea -productions 
now found on the land ia a proof of at lonat two changes having taken 
place." — P. s. 

In appreciating the inadequacy of the Nonchian deluge to aoconst 
for the marine strata anil fo^tila now forming dry land, Hunter bad 
been preceded by many kindred minds, endowed with the divine facol^ 
of discovering truth. 

In 1517. Fracastoro, an Italian philosopher, in reference to tb«i 
nnmerouB marine animal remains brought to light in the excavatMOH | 
made during the repairs of the dty of Verona, contended that thoAa 
foaail shells had all belonged to living animals, which had formorij' 
lived and inultiplird where their cinviB were found. He exposed thai 
absurdity of having recourse to a certain ' materia pinguis' or plastia 
force, which it was aaid had piiwcr to fashion stones into organic forms 
and with no lesa cedent arguments, be demonstrated the futility 
attributing the situation of the shells iu question to the Mosaic deligto. 
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Thatinimdation. lie obeorved, was too transieiit, it oonaisted prindpoUy 
of fluviatile waters ; and if it hod transported shells to prent distftncee, 
must haTo sfrewed them over the aurfuee, not buiied them at vnat 
depths in the interior of mountains. The close mmilaritv, in the clear 
and philoaophioal views and words of Fnicastoro, to those of Hunter 
(who wo may aofely beheve had never read, or probably heard of the 
Italian author), are very striking. I need not trespusson 3'oiir time by 
recounting the hundredfold additional and diversilied testimony, whiph 
God, in hia wisdom, has suffered to be made manifest, and to be irro- 
sistihlo in producing conviction ai'cording to the means of appreciating 
truth with whicli He has been pleased to endow the human under* 
standing, in demon strating the uttor inadoqnacy of any of the brief and 
traaaient traditional ilelages to account for observed geological and 
palffiODtological phenomena. 

As the astronomer in teaching his science gnee the results of the 
exerdso of those faculties of observation, wmpariHon. and calculatiou 
which have been given to him for the purpose of making known the 
Creative operations in infinite Npace, without enlisting any aid or element 
of science from the records of Creation in the sacrpd history of the 
Jews, so ought the naturalist or geologist eijuuUy to abstain from any 
foregone conclusion as to mode or time of operation which he might 
believe himself able to derive from divine teachings given for onother 
end. He ought to coniine himself to the deductions which rest on 
observation and espcrimont, and to teach those natural truths only 
which he has been privileged to establish by the esercise of the talenta 
entrusted to him for the discovery of the Creative operations, or the 
power of God, in the immeasurable periods of the past. 

For from coniining his notions of the nature of the aijueous force 
modifying the earth's crust, to a eingle transient cataclysmal operation. 
Hnntor remua-ks, •' The motion of the waters is what we may consider 
aa the regular system of the world : the sea the greater part, the lakes 
and rivers the lesser ; each formed out of, and forming the other. The 
lolces and nvers, though not the greatest, yet not inconsiderable, when 
we take in the valleys and low countries that lead directly into the sea, 
[these] having been formerly the seat of the sea, which, at a certain 
period of its retreat, exposed, first the higher grounds, theu the great 
inlet; whilst in many places the surface of the earth, from its forma- 
tion, retains the water, forming lakes of various sizes, becoming a tem- 
porary deposit for the water as it flows from the now land, as also a 
permancn* deposit of whatever these waters may rob the land of; for 
I do coneeive there was, in the retreat of the waters, a regular grada- 
tion ; first, the whole being sea ; next, many of what are now valleys 
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fonniiig the great anus or inlets; then, lakes; und oftprwards i 
ground ; and that those 1ak«s thai now exist were much larger, 
we raaj observe that the rivers that supply those lakes t 
alung whatever con be mixed with them, and with such rapidity a 
to allow of a deposit till [they have] arrived at the lake ; while, on | 
other hand, the wat«r which runs out is clear, because it runs front t 
Bur&tce of the lake." — P. si. 

Hunter then proceeds to consider the mode of operation of wsl 
by its wearing power when in motion, and by the deposit of B 
carried along, and retained for a longer and shorter time in enspenoioi 
OS illustrated by the dc|K)sita at the moutha of the Scheldt, the I 
and the Maea>c. 

" Tbia rauat be more remarkable with the Ganges, which runs tl 
an extent of 1300 miles, and shall only descend 20 feet ii 
the Nile ; the Uiasissippi, which runs a)>ove 2000 miles, and opens h 
vast number of rivers, with many of the other vast rivers in Amor 
whieh become the great deposit of the materials of the river 1 
from the land above."' Speculating upon the results of this e 
nction, he writes :■ — '• The Red Sea will in time be only n flat t«1 
tlirough which the rivers which empty themselves into it will i 
terminating in the aeo in one or more mouths, according to the s 
at the bottom, whifh probably may form a country like Holland ; I 
ill all probability the Red Sea and the Mediterranean were one pieos 
water, whiuh would have made Africa an island ; and it is very probi 
the Mediterranean will be some day a lake, like the Caspian and 
UlaLk Soa."— P. xiv. 

" The mochanical substances being of different kind respeeting solidU 
are accordingly carried to veiy different dislanc'ea. Gravel goes hot 
little way : sand n little further ; clay and ehalk atill farther : and if i 
were to trace the mould on from an inland country towards the sea, 
the course of a rivor, we might find the following apiiparaneee—gniTi 
gruvel Find Mind ; wind and clay, forming loam ; or sand and chalk, fen 
ing marl : and at liwt wholly clay, which will be carried more or li 
some way into the scu." — P. six. 

" tn tlieNe depoHits of sand and mud are found the bones of 1a| 
unimitla, trnch aa ole|ihants, rhiaocoroscs. buffaloes, i:c. ; and inda 
these are found along the banks of almost all the rivers in Stb« 
scattered here and there, sometimes in greater. BometimM in 
oumbera. The beds in which they are foimd are mixed witli flsh-b« 
gliMsopotrffi, wood loaded with ochre, 

"Clay, from bdng a mropremible sulMAiutce. will bo compreai 
mare or li-na. becoming hard a» "tone, also forming select maases. 
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rauj even have a disposition to fonn itself into nodules ; and probably 
some circumstance may lead to it, as having an extraneous body in it, 
EB part of a vogotable, round which it seems to accrete, assisted in this 
operation by what may be in solution in the water, also forming what 
is called the Ludos Helmontia." — P. xsi. 

" From this aacount it would appear that there is a kind of syatem 
going on : that the sea is the great reservoir of the materials of this 
globe, and the nvers. tides, currents, &c. of the sea, the active parts, 
without which the world would be at rest. 'WTien we consider the 
coneequenue of all these operations, we may be better able to fonn an 
opinion of the mode of new increase of matter in Home places on the 
surface of thia globe, in which will be vegetable and animal produc- 
tiona, which will give some idea of fossOization." — P. svii. 

Besides the indications of the general principles which Himt£r had 
discovered for himself, or had accepted for his guidance, in the study and 
contemplation of the grand phenomena of the paat creations and revolu- 
tions of the earth*Rsurface,wefindin the remarkable e^say recovered from 
his posthumous manuacripta some instances of the results of the special 
application of those principles to particular geological phenomena. 

Take those which must have most frequently presented themselves 
to his observation, as, e. </., in the valley of the Thames, and note the 
broad interpretation that he gives of the facts so observed, " Probably," 
he writes, •' the whole flat tract of the river Thames, between its lateral 
hills, was an arm of the sea : and as the German Oeean became 
shaUower, it was gradually reduced to a river : and the composition of 
this tract of land, for an immense depth, winild show it, viz. a gravel, 
a Band, and a clay, with fossil shells in the clay 200 or 300 feet deep, 
all deposited when it was an arm of the sea, and above which are 
found the bones of land-animals, where it has been shallow." — P. xv. 

Hunter does not, indeed, specify the nature of the sheila ; they are, 
however, of a kind that could leave no doubt on his mind of their 
marine character. With his fossil specimen of Slrombv* ayrunatut, 
Dfr. (No. 561), he has placed the recent Strotnlius aecipitrimig from the 
South American seas. He had also obtained Rottrllaria maeropttra, Lara. 
(No. 570). from the eocene tertiary at Hordwell. Hants ; Volufa nodoia, 
8by, (No. 747), from the London clay : Mitra elongata, I,am. (No. 781 ), 
from the eocene at Grignim, near Paris; the gigantic Ceritkium (No. 
783). from the same formation and locality ; tho Ci-aasaUlla tumida, 
Dh, (No. 1095), from Nummulitio strata of the Swiss Alps ; and tho 
great Nautilus tmperiaUt from Sheppey (No. 137). so like the pearly 
Nantiliisfrum thcnidia seas; — aU these shells, selected fium a hundred 
other specimens in Hunter's cabinet, must have presentod to their col- 
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lector aninistAkeable features of the marine origia of the strata con.' 
taining thorn. 

gubecqaent resoarchee, aided by the refined coscholog}- of i 
adenc«. have e«tabUshed the trntli of Hunter's conclnston. 

All the shells of the London clay which forms the bottom of t 
traut through which the major port of the Thames flows, are of mui 
species, and most of them extinct. In th« superfidal gravel haw tw 
found flaviatilt.- shells, moAt of them of recent species, 'with the renud 
of elephant, rhinoceros, hippopotamus, and other huge terrortr 
qiiadrnpi-Js. 

The fullowiiiK remarlM show how closely Hunter bad stadicd I 
fossil sheila with a view to geological deductions. 

" Farts of sea-animals us were capable of being preserved till fo 
silized, snch as shells, must have often lain long at the bottom of t 
sea before the formation of the surrounding medium took plac« ; tl 
ia plainly shown hy the Pholat having eaten into them, wluih could d 
have been done but when [they were] lying at the bottom of the Bat. 

'• Many fossil shells are covered with shcllB of another kind; battfa 
may have taken place while the animal was alive in them ; as we ofit 
see the same thing in recent shells. But we often find that the HhcQ 
has become a mould, and afterwards the sheU haa boen dissglved, oni 
only the cost left, and on this cast we shall find the shells of womu 
and the holes of the Photos, so that the cnst Uy at the bottom of tlu 
sea after the shell haa been separated from it or destroyed. 

" Mony shells are bruised, and have been aftcnvards filled wit! 
matter, which also shows that they have lain some time at the t 
of the sea, and that heavy bodies have been formed, and pat or fbUca 
into moUou. 

" Many have lain so long at the bottom of the eea as to hare t 
rnvities filled wilh mutter, and afterwards to have the shell entirelj 
dmttroynd, so that nothing hut the cast remains, and upon this omI 
living HbcU-flnli have fiiateued themselves, similar to thuir fixing tmoti 
any otlier stono lu such situuliun ; all of wliioh could never hare b6M 
dono if the whole had nut lain at the bottom of the sea for a cob* 
uderablo time. 

<■ Many nliells have lain at the bottom of the sea, where the watci 
haa been agitated so much as to mnko Ihem roll upon one another, oi 
other aulMttuicos, by which ibey have been smoothed, some of whtcll 
haTo been afterwards enclosed in stone, ie. 

" Many nhollt would appear to hiivo been lined with stone, and then 
the cavity fllloil up with sand. Many have been encased wilh stonv 
and filled with tlie Munn, afl«rward« tho tthell has been destroyed, and 
left thr cfist in the stone almivt bww. 
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" Some ahelk are turned into chalk. It would appear in oU of the 
enoriue kind, ae also the Echinus, that Etfter a mould had formed all 
around, and also in the Echinus, the shell filled up ; that the shell had 
dissolved and crystalliied again, and in a particular manner, for they 
break in flakes. This a])peara to be universally [the case] with all 
those substances." — P. Iv. 

Geological research, since Hunter's time, has confirmed his conclu- 
sion that the ftat-tract, or valley, of the Thames, was once an area of 
the sea, or a vast estuary, receiving, however, in addition to remains of 
its own sea-inhabitants, occasional contributionB, by a more ancient 
river, from some adjoining continent, in the form of great serpents, sea- 
turtles, singular ({uadnipedii, like the Coryphodon, Pliohphut, and 
H^rcteothervian, at genera now unknown ; and plants of a tropical 
character, such as the fruits of the Falms of the genns yipa, which is 
allied to the Pondanus and cocoa-nut palm ; of species of Anona or 
cust&rd-apple : and of Acaeite, which, although lc«s decidedly tropical, 
imply a warm climate. 

Permit me to refer to one other esompjo of Hunter's special geolo- 
gical observations, made at a comparatively early period of his life, 
when he was serving, as surgeon, with the English army in Portugal. 
We have lung known that the employment of his leisure and oppor- 
tonities, in that capacity, was most exemplary to all young surgeons 
similarly circumstanced: the temptations to enjoy, in a line and 
voluptuous climate, the hours not required in the routine of strict 
military duty are such as few resist : the conditions for devoting those 
leisure hoiire to special scientific pursuits, are generally anything but 
&vourBble or encouraging. But they in no degree abated Hunter's 
ardour in the pursuit of truth : nothing was suAereii to impede his 
obeervationB, disscctaons, experiments, and collections of natural history. 
His museum still shows the preparations he mode of Portuguese lizards 
and other indigenout^ species, which he succeeded in bringing home, in 
1763, and wliich formed, indeed, the nuclens of his great eoUection of 
comparative anatomy. 

That Hunter, whilst with the army in Fortogal, laid the foundation 
of hia principles of physiology, and of the physiological treatment of 
disease and injury, finally set forth in his work ' On the Blood, Inflam- 
mation, and Gun-shot Wounds.' is part of the history of surgery. 

Most of my physiaJogical hearers may recollect that it was in n 
gentleman's (garden in Portugal that Hunter made the experiment 
determining the posseHnion of the sense of hearing in fishes, of which 
sense he believed that he had first discovered the organ in that class. 
But science has not hitherto known, or had any ground for surmieing. 
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mmt Hunter Ibanil time, and had tbe dufMaitnB aad the pereeplfn 
iUt to note aba, the geolopcal jitmaaga^ of Povtngal. and the 
pmrarlu frame awl abon vp ecmeliwas M to tfae geological 
I ^JBainks that Iwd ofiented on the accne of hi* eBcampOKfit. Ttrt it 
■«M &0U otwmTBtknw at tliia peiiod «tf bis tife and in Fortvgxl, that ba 
I'dnived his ideaa of aae of the modes in winch a retiring sea acta vpam 
I H Ti pramig amtiBefit, and abo of the daw and gradnal mods of that 



■' The pxtensre flat tract of laad in Portugal called Ali-m^jo. tiMTtn." 

f be writes, '- erridenl sgaa npoo its SMrface of haring been eorered far 

I tte sea. There is a vast extent of flat coontiT going to Portalegn 

i with loose gravel, apparently of coosiiienble depth ; and tfar-n- 

Ban also coiudderablc h^^ta composed of sacb materials ; but those 

eompoaing hei^t« ai« cemented together like plnm-pudding etooe, 

only the eement is not «o strong ; whit^ cement was probably the canae 

of their retaining this situstaon and form. 

" Bat the most striking evidence of the sea having once oovrtvd this 
tract, and afterwards having left it gradually, i» the pecnlior shapv of 
the rem^m of those elevations of gravel ; for it would appmr thut as 
the lUM left their tope exposed, the pebbles were washed off hj 
the motion of the eur&cc of the water where this motion is grcatevt ; 
and, as the sea sabeided, the lower part of such risings, berood the 
general surface or bvus. were longer washed by it than the top ; cmi- 
aequently more of the gravel was washed away, till at last they became 
of a pyramidal figure standing on their apex .... and all round, on 
the fiat Hurfact, is strewed the graTel washed off the riang part whidi 
now forma the inverted pyramids." 

He adds, >' If the sea was to leave the Isle of Wight, the Noodles 
would exhibit something of this kind." — P. xvi. 

The diNtingntshed geologists who may hare honoured this theatre by 
their presence, will need no other or better proof of Hunter's powen 
In his now character, as a pure geol<^cal observer, than the instance 
which I have jtist quoted. 

Besides the aqueous causes which Hunter recogni^ios as operatiTe in 
modifying the surface of the onrth, exemplified by the efieets of nuuuDg 
water, OS in valleys and rivOT-eonrsea, by the operation of a rotirhig 
•ea upon a rising land, by deposition varied according to the difierent 
diatuniMK) to which matt^irs acoor<ling to thoir sin. &r. would be tisiw- 
port<-d and spread over the sea-bottom, and by the Bttiori uf tlie twa on 
<HiaiiU M tniivi-d by tides and winds —I would i'(.>niark Uiat, in oddiliiHi 
to IhcKi' Neptnnitin dynamics. Hunter docs not overlook tlie ngcRcia nf 
thn i1«toniBl« : — 



" Braides which [nqticous causes] there ore volcanic emptions taking 
plaue, which break the sur&ce of the earth considerably, probably 
destrojing the old find forming new : poeaibly the Straits of Gibraltar 
were formed from such b. cause ; the Straits between Dover and Calais ; 
the weet end of the Isle of Wight, broken off from the chalk hilla that 
run through Doreetahire : as also raising np considerable extent of the 
Hurface of the earth which is already formed ; either raising up moun- 
tains on its Burtace, or islands, when such arise in the sea ; afterwards 
increasing their height by scattering inflamed matter from its bowels 
on the surface ; espoaing aubstancea rather than forming thera ; leaving 
(we may suppose) vast carems underneath, in whith are again, probably, 
formed native fosHils. This may answer some material purpose in tlio 
natural economy of the earth, but it does not appear so systematic — 
not BO much a general principle.'' — -P. xviii. 

" These may fonn mountains and valleys ; ormountains may protwbly 
be formed, as has been siippoaod, by aiibterraneous heats raising water 
into sleum. heaving up large tracts of surface, but which would hardly 
form Buch length of ridges of mountaina for many hnndred miles with 
such regularity as wo find them ; at Least, the eru]rtions that now take 
place on the land do not produce such. Or whether the vast valleys 
are only so many parts sunk, which are equally explicable upon tho 
appearance, but which are not to the present purpose." — P. xiii. 

'■ In all of nature's operations we may observe that they always tend 
to destroy themselves. But there is, on the other hand, a restorative 
principle : it is like the hour-glass requiring being turned as soon as 
run down : but in the hour-glass we have not tho principle of inversion 
arising out of the effect being completed, as we have in natural things ; 
and indeed, in whatever way the raising of the bottom of the sea is 
accounted for, wo must ultimately suppose auch a principle ; for if tho 
bottom is raised by any such power underneath, cither by steam or 
volcanic eniptions, which arise from the aamo principle, a space some- 
where must be formed, into which the water will rush : and a repetition 
of them would bring the whole water towards the centre under the 
surface ; therefore, from such a principle, the waters would be gradually 
loang on the surface, and equally require a restorative principle." — 
P. xxm. 

" As the fossils of the sea, or wator-ammals, can now only he found 
upon land, it is a proof that tho sea was once there ; and from this alone 
we may presume that where the sea now is, it was once land. This 
leads to two modes of the exposilion of the eai-th; one, the sett leaving 
the land ; and the other, the bottom of the sea rising up above the 
wat«r by Kome convulsive motion of the earth at this part. I shoiild bo 
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inclined to txtnaidor it in both views ; probably great conLinenU have 
been formed after the firet mode, and ialanda a^er the second." — 
P. xlv. 

" I formerly observed that earthqnakes very probably raised islauda: 
that on the surface of each there would bo found ihoUs. and tn vait 
qnantity, recent, dead.and fossilized. . . . This upraising of the bottom of 
the Bca above the Hurt'ace of the water, will also nuse up along with it 
all the shcll-finh that lay on the sur&ce of the bottom, as also dead 
shells, and in the subBtuncc of the earth all the deeper-seated sub- 
stances imbedded or enclosed in stone, chalk, clay, &c., which 1 hare 
said constitutes the true fossil. This appears to be the state of the 
case on and in the Island of Ascension : the whole surface of this island 
is covered with shells, and some so perfect as to have their Ugnmenta 
still adhering. There is, besides, a vast quantity of lava, and other 
volcanic matter : nil of which shows it most probably arose in this vray, 
because such recent alteration in the sea, so as to have oiposed so mndl 
of its bottom, and so recently as to have the animal part of tha 
BtiU adhering: and the very name implies its rise', I tnispect 
many of those shells found on land near the surface, 
mountains, have been exposed in this way." — P. xlvii. 

Finally, Hunter adverts to the agency of animal life in modifying and 
adding to the crust of the earth. 

" Although a great part of the calcareous earth it undoubtedly of 
animal origin, yet the some cannot be said of the whole ; for without 
relying only on those calcareous mountains and strata which do not 
exhibit tracea of the animal kingdom, and which by some oro thorefoiv 
to be considered of a more andent date, w'e find that several of the 
elements of the granite contain a portion of palcareous earth as a con- 
stituent principle, schorl, fekpar, and even iiuortz, 

" Now, if we allow the granite to have been formed prior to the 
animal creation, wc must also allow that colcareons earth has not 
entirely originated &om decomposed animal substances, because we find 
this eiarth entering into the composition of several elements of the 
granite. This does not, however, in the least militate against what is 
mentioned in this port of the paper ; on the contrary, it appears scorcoly 
to be doubted that rholk. •tc, which contains shells and the like, has 
itself originated from decomposition of similar productions." — P. xliv. 

Quarti consists of sUex, and is not eausidered by the best onolytioii] 
mineralogists naturally to contain lime : but many of the granitic 
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minerals, as Iho scborl or black tourmaline, felspar and mica, do contain 
' caloareoiia earth,' and ' apatite' contains it in combination with phoe- 
phorie add. Hirnter, witK his nsuol cautioD, puts the antecedency of 
grunitc to the animal creation problematically : later obBcrvations of 
the tbrmation of granitic minerals subsequent to fossitiferouB sedimentary 
strata, have made it concciTablc. if not probable, that, in parts of tlia 
earth's crust that have been subjected to sueh heat as has converted 
them into ■ granite,' such fossilized remains of onimuls as the metaioor- 
phoaed strata nisy have contained may have been reduced to the mere 
earthy ]irinciploB of carbonates and phosphates of lime, which chemistry 
lias detected in the granitic minerals cited by Hunter. 

And now, in conclusion, to sum up the general principles which 
Hunter reeogniied as having been operative in modifying and producing 
tlie present conilition of the surface of our planet, and in introducing 
and preserving the evidences of organised beings therein found : — first, 
he exemplifies the effects of running water, as in valleys and river- 
coujses ; secondly, the deposition of the matters so transported to the 
sea, noting the different distances to which such transported matters 
would be spread over the sea-bottom according to their sixo and other 
physical characters ; thirdly, the erosive action of the sea on coasts, as 
moved by tides, currents, and winds : fourthly, the power and mode of 
operation of a retiring sea on a rising land : fifthly, igneous expansive 
force and volcanic eruptions ; and sixthly, deposits through animal or 
organic agency. 

These are recognized geological dynamics, operating in the actual 
system of things, strictly included in that class of causes, tind agreeable 
with " our mode of reasoning," as Hunter terms it, which is, vit. " by 
supposing from the state of the earth as it is now, what must have 
taken place formerly." 

Unly in two instances, already referred to, does Hunter deviate from 
this strictly philosophic track ; it is when he brings in the old hypothesis 
of a change in the inclination of the earth's axis to account for the 
presence of what he believed to bo remains of tropical animals in tho 
strata of cold or temperate climates ; and where he alludes to the 
attractive power of a comet upon tho mass of waters of the earth, or 
OS having the power to add to that aqueous masn. 

Other evidence, by tbssil remains, of a warmer or more equable, and 
perhaps of both a warmer and more eijuable, climato having prevailed 
in the latitude of London, has been sincfi abundantly obtained : and 
there are not wanting Fellows of the Geological Bociety who still, like 
Hunt«r, advocate a change in the ecliptic : but every accession to our 
knowledge of the local circumstances that influence local climates, and 
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lo oar ezp«neaec of ibe pywet wlaA ipeciea at trofwil gca ai io Q^pH, 
L af botli plaBt> and animilfl, luTe «f not meivlj' exMtlBg bat flo ari el ii lig 
I $■ tniU aod cqmUe ditostM — baa temlcd to nsxnv bor and na>B tka 
Uuo u witj Tor referenn b> a brpolhetkal dwage is Uw aritan of mtai«, 
in ordn'to thnr intelligiUe »T |>l».i»riiT n if thf p r ri rw rr rf fiMi il p— "— 
<£ a tropical p hytJ ugntmiT ia one set of stnbt, or of &oae of n arctic 
^ancter in anothCT. both of which evideaesn Kboond in gwgj*™!, wad 
Uedfy to the range of change to whidi tbe dhnat^ of thu nmr ton- 
Iterate latitude hae, &om wfaatrvra- cause, be«D sohyeet. 

Aa to the igneoQs.ezpBiisiTc.iipbeanng raoseof gnlogiieal pluoiaataM. 
Httntcr. while adnuttiiig it into his category of geological fimcs, placea 
it on a lower rank than the aqueoos. Yet he dnlj appreeialed and 
finely illustrated its power and scope of operatifai. And in this be 
naea abore his contemjxirary, and some subsequent, gcologialv, wbo, 
I though applying their inlellectoal powers exclnatr«ly to this branch <f 
t Kienee, were unable to expand their minds to the receptian of tbe 
evidences of the difierent kinds of dynanuRB that bad acted, and wa« 
still acting, npoo the earth, but ranged themselves into one or other at 
the rival factions of the ' Vulesniste' and ' yeptunists:' either tunlend- 
ing, with Werner, that water atone had brought about the actual con- 
dition of the earth's surface, or, with Pkyfoir, refiiring it as exdnaiTelj 
to the operation of fire. 

Hunter admits the efGcacy of the latter expansive, subterraaeoa 
force, in ■' breaking the surface of the earth oonsidcrahly, probably div 
Btroying the old and forming the new : — in separating landa fi>nn«rly 
united, of which possible examples he cites — the straits of Dover and 
Gibraltar, oad that which now divides the Isle of Wight from the 
opposite coast of England :" as " raising up a considerable extent of tho 
surface of the earth, which is already formed," or " raising islands in 
the sea, and afterwards increatdng their height by scattering inflamed 
matter on their surface ;" thus ■• exposing mineral substances rather than 

forming them They may aaswer,'' he philosophically remarka, 

" some material purpose in the natural economy of the earth ; but il 
docs not appear so systematic — not so much on u general principle." 

No Vulcanist could have more graphically or concisely illustrated the 
modut operandi at his favourite force, than Hunter does in the fcir 
pregnant sentences and instances above <{not«d. 

And, in rcfcrcnoe to the effect of igncoua agency in npnusing a eon- 

■iderablo extent of the already formed eurfauo of the oarth. I cunnat 

refrain here from adducing udc of llin many iTCordc) instances of thit 

geolo^cal a{wration which has taken pliuv idnce the time of Uunttr. 

In 1S22 the conut of CliiU wan nii«ivl by an cnitbijuake, the sliork 



of which was felt simultaneoiisly through a space of 1200 miles, from 
north to south. St, Jaga, Valparaiso, and other towns were much 
injuTL-d by that great commotion. 

The fihores of the Bay of Conception were similarly affected during 
the great earthquake of February 20th, 1835. Mr. Darwin, who folt 
the shook, estimates the upheaval of the land round the hay at two or 
three feet. At the iaianil of S. Maria, about 30 miloB distant, " Captain 
I'itzBoy found beds of putrid mussel-shells, still adhering to the rocks 
ten feot above high-water mark : the inhabitants had formerly dived at 
low-water spring-tides for these shells." But the elevating force which 
o]M!rat«e more gradually, and without such violence, is not less important, 
and its effects are appreciable within the uomparatively restricted period 
of human history. Thus it has been determined by successive experi- 
mental observations that the ehorea of the Baltic are rising at the 
estimated rate of four feet in a century. Ancient boauhes extending 
along certain parts of the British coast, at elevations varying from ten 
to one hundred feet above the present sea-level, attest the nprfueing of 
such ' extents of the surfece of the earth.' 

Hunter by no means exa^erates the efi'ecta of the igneous or elevating 
force. He perhaps failed to comprehend its full influence in repeated 
operations during a vast period of time. He hesitated, e, g., in apply- 
ing it to the upheaval of suci ridges of mountains as had been traced 
extending with a certain regularity for many hundred miles. " At 
least," ho says, " tho eruptions that now take place on the land do 
not produce such." It is easy to conceive, however, what would bo 
the result of a succession of such lifts as have been observed to operate 
upon the base of the Andes in our own times, if continued through the 
' many thousand centuries ' that Hunter so often appeals to. Geology, 
indeed, now finds no numerical term adequate to embody the idea of 
time, which the contemplation of its phenomena forces on the mind. 

With regard to the agency of animal life in forming or altering the 
earth's crust. Hunter, by virtue of his comparative anatomy and phy- 
siology, was, perhaps, tho best able of any philosopher in hia day to 
appredat* this now generally recognized geological force. 

Although nnaided by such microscopes as have revealed to Ehrenberg 
and others the animalcular origin of immense tracts of calcareouB and 
siliceous earth, Hunt«r, after showing that the earthy materials of the 
skeletons of many animals, and especially of shell-fishes, star-fishes, and 
zoophytes, were the same earth as composed part of the globe, and as 
imperishable as such earth, boldly affirms that "a lai^ portion of the 
globe is indebted to animals for such calcareous earth," and concludes 
by saying, " and indeed many of onr islands are no more than super- 
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struetnroB of coral." But recognizing, aa Huntor did, the different 
causes of geological phenomena, which later observers have eebuhUalicid, 
he retnms to the aijueous ones, in all their modes, with the puwL-r of 
solution, .... OS the principal and most widely diffofied power;" and must 
beautifully and truly defines them as being, " although not the solo 
formore, yet tho regidators of the formation, of tho sur&co of this 
globe." 

Tho chief dynamical cause of change of the earth's surface vriiicb 
has been determined, since the time of Hunter, in addition to those 
which he reeogutaed, is that of wator in its froxon state. The dlMn- 
tcgruting power of water tn passing from the fluid to the solid state, 
though slow, is irresistible ; and is considerable in orciy latitnde wbcre 
the temperature fiills below tho freering- point ; the operation of raamee 
of ice or gtociens is more conspicuous and violent ; but its sphere is Umited 
in compaiison with those of the great aqueous and igneous causos to 
which Hunter refers. The appearances which glacial action baa loft 
on many parts of the earth's surface were amongst the most remark- 
able and problematical, until at length satisfactorily explained by Uie 
observations, experiments, and calculations of some of the ablest geolo- 
gists, profoundeat mathematicians, and moat enterprising voyagers at the 
present day. 

The surface of the earth is affeeted by tho movcraonts of great 
ice-masses or glaciers on land, and by tho floating masBes or icebergs at 

" The agency of glaciers," says Sir C. Lyell, " in producing permanent 
geological change, consists partly in their power of transporting gravel, 
sand, and huge stones Ui great distances, and partly in the smoothing, 
polishing, and scoring of their rocky channels, and tho boundary walls 
of the volle;^ tlirough which they pass," The stones carried along and 
deposited by tho glaciers are called the ' moraines.' There is always 
one line of blocks on each aide or edge of tho icy stream, and often 
in the middle, arranged in long ridges several yards high : tlio latter 
medial moraines are due to the confluence of tributary glaciers. This 
characteristic arrangement, or rather derangenienl, of parts of tho 
earth's surface by the movement of ice, with ttic scoring and polishing 
marks of its transit, serves to indicate tho former actions of glaciers in 
localities where they have never been known in the memory of man, 
and where the present climate is ununited to their formation. 

In arctic and antarctic latitudes, vast mosses of ice are annually de- 
tached from the shores, and float off with more or Icm of the mineral 
matter of sueh shored. Scoreaby counted 600 of thrsc bergs drifting 
along in latitudes 69° and J(P N., which rose above tho surface from 
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tho beight of 100 to 200 foet, ttnd measured some of them a mile in 
circumference. Many of them were loaded with beds of earth, and rock 
of Buch thickness that the weight was conjectured to be from SO.CIUO 
to 100,000 tons. Specimens of tho rocks were obtained, and among 
them were granite, gneiss, mica-schist, clay-slate, felspar, nnd green- 
stone. They float to the more temperate latitudes, gradually melt, 
and let drop thoir mineral ballast to the bottom of the sea. 

Sir James C. Boss, in his ontarutic voyage , saw multitudes of icebei^ 
transporting stones and rocks of Tarioua Hi^es, tn high southern latitudes. 
In the voyage of antarctic diacovery in 1839, amongst the numerous 
floating ice-masses, a dark-coloured angular mass of rock was seen im- 
bedded in an iceberg drifting along in mid-ocean in lat. 61° 8. That 
part of the rock which was visible was about twelve feet in height, and 
&om five to six in width, but the dark colour of the surrounding ieo 
indicated that much more of the stone was concealed. This icebei^ 
was between 250 and 30(i feet high, and was no less than 1400 miles 
&om any known land. At what distance from its parent cliff that boulder 
rock was dropped to the sea-bottom is unknown. 

The great boulder-stone in the valley near Derwentwnter, will be 
familiar to all who have visited that beautiful part of the lake district, 
There is abundant evidence that the whole of that diatriot was formerly 
ooyered by the sea. Ancient icebergs then floated over the submerged 
land of that latitude and longitude, as now over the same latitude, but 
in a different longitude, which then, perhaps, was diy land, 

The ' boiildor-fitone,' as it is called par tMdInwt, is one of countless 
similar but smaller erratics, which by their distribution over the sur&ce 
of my own native county and the adjoining ones, clearly indicate the 
course of the currents that bore along the ancient icebergs which dropped 
them as they floated and melted over that old sea-bottom. 

To appreciah' the extent of geological change produced by the annual 
operation of ice in the form of glaciers and bergs, one must ende-avour to 
multiply the observed ajtprosimate results of one year, by the countless 
thousands of years during which geology teaches that sach glaraal 
action baa been going on. 

I must not close thisbnef noticeof a geological dynamic, unknown to 
Hunter, without alluding to the property of ice, especially as blended 
with earth and forming frozen-soil, in the preservation of animal bodies, 
and of the evidence which the nature of those animals, as being speci- 
fically different from any now in being, has yielded of the vast lapse of 
time during which such soil has been frozen, and the cause of glaciers 
and ieebei^ has been in operation, in the latitudes where such frozen 
animals have been found. To the comparative anatomiat these pheno- 
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wUdi lAdmr [idu asHagst rar moat cbendiHl RsaUei 

ThOM dH tenets of the nnl aehoolfi of Frnbeis and BdinbuT^ inn 
bcng watnljr M|NMaed by dented partisans, the Ubooja tendiiig (o tlM 
■ai uti uB of the di^nte at the jon^ laBd-«Br«en>r vrer« as little knavn 
■a Ihoae ci the great fdijKohtgHt. fint WQliam Smith. fortimMcly tor 
aaemee and hia own Rpote. pnblidtied. in 1790, bi$ - Tabular View at 
tbe Bvituli Stnts,' and thor ' I^nti£catkin by their peculiar oiganiaed 
FowOa.' Thia ttvi-t aeems n«vcr to hare fallen in Euntcr'a way. Smith 
prcsecnted his getdogiual inrestigHtions aninterruptedlr until, in 1$15, 
he had completed a Geological Uap of sll England. 

Coal«mporaueouslj- with the labours of William Smith, were thoeeol 
Cnvier and Brongniart. Tho extensire, minute and exact knowledge 
poesesaed by Cnvier of ComparatiTe Anatomy— espeaallv Oaleologj— 
and of Natnral History, enabled and emboldened him to apeak decidedly 
as to the specific disdnction, and of the extinetioD. of the TertebmM 
fosidl remains sabmitted to his exiuninatio&. Lamurdc was nble to enun- 
ciate the same important cooclueiona as to the fostiil diells. The oom- 
bined labottre of the above great lomin^es of the Sehivd of Piiris. threw 
the same dear light on the laws of piiperpoaition and the chai'M.-tcnstic 
fossil remains of the tertiary scries of France, which William Soutli'a 
single-handed labours had effected for the secondary fonnations of 
England. 

Theee independent discoveries— ^theso undesigned coincidence* of 
result* of indaetive rcsenrch, — eslablish great natural tiTitlie on the 
nnn«aailable and etemaJ basis of truth. Cuvicr's liiboum were mors 
pnrlicuhirly churactori/ed by the rigid charaetcr of his demonalra- 
tintu nf the distinction of the foiwil remains from the known vxiatiRg 
Kpeciea, and by the luwit which he laid down for the guidance of Iri* 
mu'ii'BKoni in tlint field nfinimr)'. 



HUNTER S POSTHUMOUS PAPRR ON FOSSILS. 

It has been witll ronmrkod, that no period could have been more for- 
tonato for tha disuoreiy in the immediutu neigiibourhood of Paris of a 
rich Btoro of well-preaorred fossils, than the oommencemoat of the pre- 
sent eentory ; for at no former era had Natttral History and Corapai-a- 
tive Anatomy been more extensively and Hucccaafully studied at the 
Jordin Aea Pluntes. 

The labouK of Curier in Comparative Osteology, and of Lamarck in 
roccnl and t'osail Conchology, had raised these dcpartment-i of study to 
a rank far above that which they had previously attained. Their inves- 
tigations had evcutually a powerfiil effect in dL-<peIling the illusion 
whieh had long prevailed, but from which Hunter was tree, eoncoroing 
tho absence of analogy between the ancient and modem states of our 
planet. 

A doso compariaon of the rocentand fossil species, and the inferences 
drawn in regard to their habite, accustomed the geologist to conlora- 
plato the earth as having been at successive periods the dwcUing-place 
of animals and phuita of different races, some terrestrial and others 
nquatio— some fitted to live in seaa, others in tho waters of latea and 
rivera. 

By tho consideration of those topics, the mind was slowly and insen- 
sibly withdrawn from imnginarj' pictures of catastrophes and chaotic 
confusion, such as had haunted tho imagination of tho early cosmogonistH. 
Numerous proofs were discovered of the tranijuil deposition of sediment- 
ary matter, and tlio slow and sococssive development of organic life. 

The application of the binomial nomenclature of Linnieus to the 
animals indicated by foHsil remains, and espedally of the same generic 
names to tho fossils and their living ccngonors, was an important stop 
towards familiarizing tlie mind with the iilea of the identity and unity 
of the mundane system in distant eras. " It was an acknowledgement," 
as Lyoll well says. " that part, at least, of the ancient memorials of 
Nature were written in a living language." The growing impoHanco 
of tho Natural History and anatomical determination of fossil oi^nio 
remains may be pointed out as tho characteristic feature of the progress 
ot tho scionee during the present century. 

This branch of knowledge has not only become an instrument of 
great utility in geological chissifir^tion. but it boa added largely to the 
facts of Comparativo Anatomy and to the physiolo^cal relations of 
modified parts and organs to the peculiar habits of extinct species ; and 
it Lt oontinning daily to unfold new data for grand and enlarged views 
respecting the former changes of the earth. 

Zoology has gained an immense accession of subjects through tho 
determination of the nulnre and afliuities of extinct animals, and much 
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i'urtliCT and truer insight bas Iwcn carried into Uio nntural nrningemrait 
iind subdiviuon of the classes of animala ainco palBeonloIogy expanded 
mir snrTuy of tliora. 

Tho knowledge of the typo or fundamental pattern of corlain systems 
ff organs, e. if., the framework of the Vertebrata and the Uietli of the 
Mummalia, has heon udvanoed by the more frc(|nent and elcisur bJ- 
hcronce to such type discovered in extinct onimnls, and thiia the liighc^t 
aim of the zoologist hoB been greatly promoted by pnloMntology. 

By tliis acicnce the law of the geographical distribution of animals, 
as deduced from cxixting spccios, is shovm to have been in force during 
periods of time long antecedent to human history, or to any evidence of 
human esiatence; and yet, in relation to the whole known p^iriod rf 
life-phenomena upon this planet, to have been a compnrutively recent 
result of geological forees determining the present eonligumtion and 
position of continents. Hereby pulaiontology throws light upon a meet 
interesting branch of geographical science, that, vie., which relates to 
former eoufigurutions of the earth's suri'aee, and to other dispositionB of 
land and seu than prorail at the present flay. 

Finally, pidieontology has yielded the most important facts to tho 
highest range of knowledge to which tho human intellect aspirm. It 
tenches that the globe iJlottod to man hna revolved in its orbit tlironi^ 
n period of time so vuat, that the mind, in tho endeavour to realize it, 
is strained by an effort like that by which it strives to oone*ivo tho 
Hpacc dividing the solar system from the most distant nebula. 

Pnlicontology has shown that, fivm tho inc^nueivably remote period 
of tlie deposition of the Cambrian rocka, the earth has been vivified by 
tho sun's light and heat, has been fertUi?^ by refreshing showeni, noA 
washed by tidal waves ; that the ocean not only moved in ordorly os- 
cillations regulated, as now, by sun and moon, but was rippled and 
agitated by winds and storms; that the atmosphere, besides thewe mors- 
ments, was healthily influenced by clouds and vapours, rising, conden»ng, 
and falling in ceaseless circnlation. With these conditions of life, 
palojontology demonstrates that life has been enjoyed during the same 
countless thoiisHnds of years ; and that with life, fh)m tho bcgiDDing, 
thero has bocn death. The earliest testimony of the living thing, 
whether eomi, cru^t. or shell, in the oldest fossitiferous rock, is at tlia 
same time proof that it died. At no period does it appear that the gift 
of life has been monopolized by contemporary individuals tJirongh a 
stagnant sameness of untold time, but it has been handed down ftom 
generation to generation, and sucoessively enjoyed by tho eountlcM 
thonsands that constitute the species. Palroontolc^ further teaches, 
that not only tlie indindual, but tho speciex perishes ; that as dealli !■ 
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balanced hj generation, ao extinction has been concomitant vith the 
creative power which has continued to provide a succt-saion of specioa ; 
and fiirtherraore, that, aa regards tlio VRiioiis fonnH of life which tliia 
planet has supported, there has been " an advance and progress in the 
main." Tlius we learn, that the creative force has not deserted the 
earth during any of the epochs of geological time that have succeeded 
to the firet manifestation of such force ; and that, in respect to no one 
class of animals, has the operation of that force been limited to one 
geological epoch ; and perhaps the most important and significant result 
of poliBontological research has been the establishment of the axiom of 
ifn continuous operation of the ordained beeomhig of mw gpeciei of Uvinff 
Uiiyuft. 

Amongst the circomstancos that have most conduced to extend 'a 
knowledge of the nature of the changes in the crust of the earth 
and its inhabitants since Hunter'^ philosophical attempt to compre- 
hend and explain them, must be cited the establishment, in 1807, of 
the Geological Society of London. By the labours of tho distin- 
guished founders and early members of that Sodety, Wolloston, 
Oreenough, Homer, Do la Beche, Pitton, Conybcare, Sedgwick, and 
Buckland, Geology was soon rescued from the imputation of being a 
dangerous, or at best a visionary, pursuit. By their worthy successors, 
so numerous now that to particularize might seem invidious, but 
amongst whom common consent would name with honour llurchison, 
Pbilhps, and LycU, and by the well-organized Geological Survey of 
Great Britain, tho combined Sciences of Geology and Paleeontology have 
been most surely and rapidly advanced ; and I cannot conclude this 
sketch of tho loading steps of that advance, made more especially in 
England since tho time of Hunter, than in the eloquent language of 
the roost philosophical historian of the progress of tho combined Sciences 
which owe so much to bis own original labours. 

" Never, perhaps, did any science, with the exception of Astronomy, 
unfold, in an equally brief period, bo many novel and unexpected 
truths, and overturn so many preconceived opinions. The senses had 
for ages declared the earth to be at rest, until the astronomer taught 
that it was carried through space with inconceivable rapidity. In like 
manner was tho surface of this planet regarded as having remained un- 
altered since ils creation, until tho geologist proved that it had been 
the theatre of reiterated change, and was still the Bubjeet of slow, but 
never-ending, fluctuations. The discovery of other systems in the 
boundless regions of apace was the triumph of astronomy ; to trace the 
same syatem through various transformations — to behold it at hucccsb- 
ive eras adorned ft-ilh different hills and valleys, lakes and seas, and 
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pwijilcd with now inhubitunta, was the delightful meed of geolcigioa4' 
research. 

" By the goometi>r wero meosored the r^otis of space, and the rela- 
tive dUtaECWf of the heavenlj- bodies ; — ^by the geologist myiiads of B,gva 
were rockonod, not by arithiuetioal imputation, but by a tndn rf 
physical events — B succession of phunomena In the animate snd inani- 
mate worlds— signs which convey to our minds more definite ideas thao 
figures can do of the immensity of time. 

" Whether our investigation of the earth's history, Btrueture, and mic~ 
cessivo inhabitants will eventually bo productive of as groat praetical 
benefits to mankind as aknowledgo of the distant hcavonB, must r 
for the decision of posterity. It was not till Astronomy hod been' 
enriched by the observations of many centuries, and hod made its WKf 
against popular prejudices to the establishment of a sound theory, thi 
its application to the uso^ arts was most conspiuuous. The eultin 
tion of Geology began at a later period : and in every step whieh it ht 
hitherto made tewards sound theoretical principles, it has had to con- 
tend against tlie most violent prepossessions. The practiml advantnsts 
already derived from it have not been inconsiderable : but our g 
ralizations are yet imperfect, and tlioy who eome after us may b© ex- 
pected to reap tho most valuable fruits of our labour. Ueanwhilc, t 
chann of first discovery is our own ; and. as wo explore this mngnift- 
cent field of ini]uiry, the sentiment of a threat historian of < 
times may continually bo present to our minds, that ' he who t 
what has vanished back again into being, enjop a bliss likn that o 
creating'.'" 



[' Ijdl, ' PrinaplM of Oeoloej.'] 
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[OliSERVATIONS ON PHYTOLOGY.] 



obseevationb and experiments on the vegetable 
economy'. 

Of VtgttahU Life. — The life of a vegetable comoB under the eamo 
dofiniticia vith that of an animal. It b a power of action within tho 
vegetable itself, independent of any mechaaicRl power whatever. For, 
although impuUe, whieh can produce a mechanical effect, may be a 
caUBo of that power being brought into action, yet it can bo brought 
into action by causes that are not mechanical — causes that cannot pro- 
duce any mechanical effect whatever, nor arise from any. A mechanical 
impulse may produce action within the vegetable, yet the effect is not 
mechanical : that ia, although the body impelling may lose some of its 
power by this impulse, yot tho body impelled [or stimulatodj has not 
acquired tho same power, which would be mechanical ; but it may exert 
a power much greater or loss according to circumstauces, which powor 
was not received from the impelling body, nor was the power in tho 
impelling body lessened in proportion to the action of the body receiving 
tho impulse [or stimulus]. 

In speaking of vegetable life, and the actiuns arising from it, the same 
language is applicable as in speaking of the operations uf on nnimaL 

' [Hie manuacnpt Tolume containing Iheae ' Obsermtioni,' Ac. waa liberally pre- 
sented to RIO, in Un; I860, bj' Ed. Rudivrorth, Esq., nephew awl executor of 
Captaun Sir Everard Home, Bart„ R.N. : it is a small thin quarto bound in parch- 
ment. Ou the iuaido of tho bock ia tlie roUowing niemorandiun in Oapt Sir E. 
Home's handwriting: — "The handwriljng of Ur. Brll, Mr. llunter, Eionird 
llume. and otbera. Two pages of indei. The volume wants pugea 20, '2fA. 30, 
77. 78; Ihen perfixt to page 164; oRer which there are two Imvee numbered 1(19 
and 170. and 170 and 176. There ii a strip of paper stuck inbptwtwn pages 34 and 
35, anuthcr between pi^ea 38 and 30, between f>2 and 53, and one on 53; between 
fMi and 97, one on 170. and two on the coror inside.— E. H., Sept. llHIi, XKHi." 

TliMe intercalated strips are, with one eiception, in the handwriting of John 
Hunter: the exception is the tetter &om Dr. Solandertp. 355), in rtpl; lb a qneslion 
by Hunter, as to climbing, sleeping and moving plants. 

The H8. on the left-hand pages ia by the amanuenais ; that on the opposite pages 
is in tlie handwriting of Hunter, aupplomanting Ilic text, wliich also contains inter- 
linoDtions. correctioos, and erasum by Hunter's bond. 

A eop; of this volume was presouted b; CapC Sir EL HoiDe, Bart,, to tho Boya! 
College of Surgeons, in 1S1!9.] 
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It is tixpreesivc of actions whose causes and effortfl are veiy similar, 
although tlio mode of performing them may not be aimOitr. 

Of tfie Sutpnision of thf Actions of Vefftttthles. — TTip adiona of a vi3gt 
table depend on the livii^ prinriple, We see those octioas snspcndw 
although the living power is existing; and probublj' this ))ovrcr uan li 
much longer inactive in the vegetable than in any animal, ita own e: 
cncc not dopeading so immediately upon aotion in the Timetable a 
the animal ; but this rarips very comad^ubly in the different cIimmm fl 
vegetableB. as also in the different ulaaees of animals. However, it i 
probable tliut the vegetable, which can the leaat bear a suspcnaon of it 
iiitiona, can do so more than the animal, which can bear it longeat. 
am not alluding hero to those natural sospeoHiDns of actions i 
a]ipoiir tu be a necessary part of their economy, as where a plan! 
cannot be aetive during two seasons without on interraptioi 
vigorous actions, but to tliote suspensions of action arising frnm » 
violeiice, such oB transplanting, or probably disease. Trees shaO bun 
their actions enspentled for one, two, or three eeosons, but bo ( 
living, and shall die at lost. 

I planted eomo Scotch Firs in the month of July, 1772, when tlu 
shoot WHS frill-grown. In the following spnng one of them did nol 
scud out &esh ahoots, although the bnds wcru fresh and the whole v 
greon ; it remained in this state all the summer : the winter follow- 
ing it appeared just the sorao as in the preceding winter, vi». the h 
shoot, which was a year and a half old, appeared like tliosc of th4 
last spring's growth in other firs ; the spring following, 1 774, vii, I 
years, it was stationary, and kept fresh as in the preceding e 
but it died in the summer. Here was life sustained without action foi 
two years ; but as it had not powers to act, the tree lost its powere ( 
life, not being able to live under a longer suspension of its action. 

On the other hand, we find that in many vegetables, although theu 
powers are weak, yet tbeir actions are not suspended when the projio 
season is calling them forth ; but often these necessary aotiuns an 
more than the powers are capable cither of perfecting or contianing 
If the necessity to act is not greater thou the power, then thej'go on well | 
but if the necessity to act is greater than tlie power, then they becoi 
weak, and perhaps cannot even support life, and they die. This is so- 
in very hot weather iu summer, when trees. &a. die thmugh hw 
although well-watered. It Is still more remarkable in newly planted 
trees, wIkhv the living powere are rendered niuiih weaker than i 
another time ; for if the weather beoomoa hot, and winlinues long a 
they certainly die. We may iee tlioni send forth tlieir young ehooti 
and loaves, but those shall dii,' upun the approiich of the loo hot weather ; 
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and ii' mild or cold weather come on. they shall begin to shoot out 
stalka afresh, as also leaves. Such trees (if of vnlue) should be shel- 
tered from the sun for the first summer, eepecially if the heut is con- 
siderable. 

In every vegetable there is a certain power of action. In some, as 
the Blackberry-bush, it is much more ihan in others. 

Trees, when they have become very much weakened by a long Lard 
frost or winter, shall in the spring b^in to shoot out their Luils ; but 
when the weather becomes warm, they are then not able to act equal 
to the heat, and they die. This sometimes takes place in the whole 
plant, in othere only in part, often in one or more branches ; bnt as the 
liiat shoots of plants are the weakest, we find this effect mostly in those. 
In hard winters the last shoots may die, and we shall see the living 
part next to the dead shoot out its leaves ; but as the heat of the 
weather advances, those leaves shall fade and wither away, and those 
lower on the vigorous stalk or branch below shall live. If such trees 
are put into a hothouse to be forced, tliis effect will be more ocrtatn and 



More striking, I have seen fig-trees in tube suffer very severely 
from a hard winter in their last shoots, and those that were put into 
n hothouse began to vegetate in those last shoota, but both shoot and 
leaves died, while those leaves from the same shoot below lived. In 
those trees that were not exposed to a heat above their powers, but 
were allowed gradually to recover powers as they recovered action, 
the same effect did not take place. 

[Separate Note on the same suiijeet.} — I know a Scotch Fir wliich was 
transplanted in July 177:^. after it had made that year's shoot; the 
spring following it had nut the least sign of active life, and was suppoecd 
to be beyond recovery, although on removing the bark at any part it 
was found fresh. In the month of July, 1773, it began to shoot, and 
continued to grow. The same thing happened to a 'White Thorn. A 
Spanish Broom was under the same circumstances, and was attonactl 
with the same effects. 

On the other hand, we shall find that the actions of life shall be very 
weak for a season or two, and die at last ; this ia a very common thing 
with new planted trees, and probably with everj-thing that is newly 
planted. Some, however, do not remmn long in this inactive state, but 
either recover or die ; as many annual plants, and those that live two or 
three years, *. y. cabbagea. 

Of tite Moveintnt of the Sup. — The juice of vegetables, commonly 
called sap, can either ascend directly, pass laterally or obliijuely. Tbua 
if we bark a tree nearly all round, leaving only a little paii, tlie juice 
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of tho pliuit, to supply the tree above, pasa«e diroclly up lliran^h this 
part; and, as it supplies the whole atxrve, it must then ilifCTgc In aU 
directions. This is best seen, however, in those tnx« which dip to tho 
heart whca barked. But in otbcre it might be Huppu(H>d llmt the i)ody 
of tho tree carried up its joiee beyond the barked part, lui in many irev*. 
the Apple, Pear, itc. From tliis pruperty the juiee can bo made to lakt 
any direction. If a straight stem of a tree hua a piece of bark removed in 
an oblique direelion, which, when carried on, rona into the s[iirBl, liie 
8Bp will bo ttraduclcd along thf remnining bark, which, of coitrse, in alau 
spiral (lig. 1, a b); and those spiral turns may g<o several times rouiid ; but 
thia is at much as many trees can do, and more than some eon bear. la 
tJiose whose wood d'jes not die when barked, the spiral barking ma}' go 
roond se%'ural times : for we may suppose that the wood of the tree con- 
dneta the jnice, when barked in this way, os well as when barked all 
round : hut in those wbcee wood dies V> the centre, the bark must 
carry the whole juice, excepting the bttle hit of wood that is covered, 
which may carrj- some of the juice ; but the whole or the best part most 
go along the spiral bark. And as this in such is net sufficient if the 
turns arc many, it ia neeeBsary [in the experiment] to go at first only 
once round the first year, then once more the second year, and so aa. 
From whith it would ajipeor that the parts acquired a facility in con- 
ducting the juice ; or rather that tho last year's bark on this spiral part 
was BO formed as to conduct the Juice better than tho bark at lai^e. 

Of Hie. Bark of Trea. — The bark of treea is that external covering 
which may be said to have no sap in it, and hardly has any partiotilar 
arrangement of its parts or substance. 

This pai-t of a tree may be divideil into two kinds respecting per- 
manency ; tho first is when it is never changed, and the other whor« it 
is. In the first, as this part of the tree docs not grow in the same pro- 
portion as the tree which it covers, there must be some provision in 
nature for this ; we find in such that the bark cracks, and those craoka 
at their bottom are filled up with new bark, probably &om tho sides of 
the cracks. 

Tho bark appears to be one of tho most essential parts of tho treo — 
it appears to be the life of the tree; for, first, without it they cannot 
live ; and, secondly, it is the immediate cause of growth, uut only in 
the part it covcra, — or in other words, each part I'eueiviag its increvwo 
tnm that part of the bark which covera it,— but the bark has a nytn- 
pathizing communication through the whole ti«c; so that tlic tr(« shall 
be variously affeclvd, just as tho bark of any particular part shall bo 
afleeted. 

Of the Unrkimj nf I'nus. — When a tret' or n bnuidi is barked in any 
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one part half round or more, the remaining bark in the tircle forms a 
much thicker layer than it would othorwiitc have done, thicker than 
anywiiefo eke on the same trunk or bronch of the tree ; it is perhaps 
equal in amount to a whole circle of the ordinary layer of the same 
trunk or branch. The stimulus of growth is incrcnsod by a real 
weakness being produced. 

Upon the same principle, when a tree <«■ branch ia barked all round, 
the cut-edge nearest to the extromity of the tree or branch, close to the 
barked part (fig. 2, b), grows faster or thicker than any other part of 
the same tree or blanch (e). 3iit this inurcased growth close to the 
barked part, is, I believe, only in those trees which live at the barked 
port (a); but in those (as the Labumuia), which only live that season 
in which they are barked, the growth ol" the part beyond where the bark 
b taken olf in loss near to the part than it is further on. 



Fig- 1 



Fig. 2. 





* 



An apple-tree barked spirally about onco and a half round (fig, 1), 
threw out many branches below the barked part, but near it (as at a), also 
in the spiral between the spiral turns of the barked part (A). This is upon 
the Bomo principle; for the unborked part has no scnitatioii of the 
part above, therefore it sends out shoots. 

Pc-ar-trees, when barked, often throw out a new bark from the 
wood in different part« of tho barked part. The sanio thing takes place 
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in the Hnzol, which eliows that the sarfaoe of the burkod part kcrps 
olive. 

The offoct that the removal of the baric has upon trees is tirofoU : 
one producing death in that part, as deep as the centra or pith ; th> 
other death only a little waj beneath the 8iirfa«', like on exposed mx- 
faco of a bone : and I believe that, in some, life is ret^ned on tho TVrjr 
surface, as is often seen in the Pear-tree. 

If the barking be only partial, little or no effect upon the ttvo ni 
general is produced, whatever be the influence on the part barknl ; fur 
if the barked part dies to the centre, the remaining bark on the kudo 
plane ia sufficient to carry on tho communication between the two parU 
of the tree, vii. the root with the part barked, and the tree beyond the 
part barked. But if the tree be barked all round, two very ditfercmt 
and material effects take place in tho two degrees of influence ; for the 
tree that dies from the surface to the centre, now dies ail round to the 
centre, and we find that every part of the tree beyond the barked jwrt 
dies, although not immediately : but, in the other case, the wood only 
dies a small depth from the snrface all round, and the parts beyond 
the barked port do not die, but produce a number of new parts. 

I hare said that in the tree which dies to the centre when barked all 
round, the parts beyond do not lose their llfo immediately ; but this 
happens sooner or Inter, according to circumstances, at least so far as 
my experiments have yet gone. If tho bark be taken off in the autumn, 
the parts beyond appear to die sooner than when the bark is taken off 
in the spring experiment. 

In the month of September 1779 I took off a eirenlar piece of bark 
from two branches of a Laburnum, with the view to see if tho jiartH 
beyond lived the first year. April 1780 they birgan lo shoot forth, but 
they both died. From the circumstanoo of their beginning to throw out 
leaves, &c,. wo must allow that they had lived through the winlar, 
and probably this was because they hod at this time little or no aotJon 

Experiment second, April 1780; on the same Laburnum I took offa 
circular piece of bark from a branch, and it shot forth its leavM, 
flowers, &c. as strongly as in any of tho other branches. In March 
1781 it began to shoot forth its leaves and flowers a second time, bat 
they were both very smaU ; and in the autumn it visibly died. 

Esperiment third. — ^The same experiment wtis made ujion another 
Laburnum, in March 17S1 and was attended with nearly the wime cir- 
cumstances; the only difference being thai this was nither more lively 
in all its actions. 

Experiment fonrth, — .\t the same lime, vis. March, the tame uxi>e- 
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rimcnt was made upon a branch of a Walnut-tree, which throw out 
loaves, &c., but lost the leaves by the latter end of August, which was 
much sooner thiin the other branches did, and it became (U-ad that 
winter ; so it did not live so long as the LabamutnB. So far as to the 
effects of barking all round upon the laburnum and Wabiut. 

In those treca which live at the barked part, and therefore live 
beyond the part bai'ked, nothing particular happens respecting the 
mode of throwing out their leaves, branehos, or flowers ; but other cir- 
cumstunces take place. The Scotjjh Fir, Plum, Pear, Apple, are not 
killed by being barked all round ; but a very curious circmostance 
respecting the vegetable economy takes place, the facts relative to 
wliich I shall now describe. 

In those trees which do not die upon being barked, wo see the three 
following facts:— first, I find that, if barked all round, the part beyond 
grows in general as fast as if it had not been burked, while the part 
between the root and barked part grows but very little ; so that we 
shall often see a thick part above, and it shall become amall all at once : 
secondly, all that part of the tree above the circular barked part (fig. 2, a), 
not only grows as if nothing had been done, but it grows faster in thick- 
ness near to the barked part (fig. 2, b) than in any other part, and much 
faster than if it bad not been barked : and thirdly, the increase of tho 
now layers over the barked surface to cover it, is much thicker, and 
makes a much quicker progress on that aide beyond the harked part 
(ib. b) than on the aide next to the root (ib. e) ; indeed, it hardly mokes 
any progress at this part at all. 

The foregoing facts explain much more of the vegetable economy than 
any other circnmstance attending vegetables. We may first observe, 
irtmt tlio circumstance of the tree dying, but not immediately, bej'ond 
the barked part, in consequenco of its dying at the barked part, that 
the nouiishment of the tree is carried through tho wood and not by 
the bark (at least alone). But the three facts last mentioned, respecting 
the growth of tho ]iart beyond tho barked part in those which do not 
die at the barked pail, are still more curious ; for the di-tproportion in 
the growth of the two parts is a very remarkable fact. It shows that 
by barking a tree all round, the inteUigcuce between the two parts ia 
cut off, although the nourishment ia carried on ; that the part beyond 
and near to Ibe miscliief ia sensible of such an injury, and sets to 
work to repair it: and that it ahoiild he sensible of this is evident; 
because from this and the consequences of it, vii. the second and third 
observatjons, the loss is rcpuii-ed, and the intention of this repair is to 
support all the parts above. Therefore wo may assert that the part of 
tbe troo beyond the barked part is conscious of the injur)', conscious of 
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B purt rendered weak, and tiie stimulua of Aa iwcessi^ of growth taSces 
pincc here. Or it may be put in this light : the purt near or doee to 
the barked jrart b cotudona of the injury done cm one aide, and eaa- 
Hoicms ctf what is to be supported on the other, tberetoro it 8«ta to work 
accordiD^y, that it may be itblo to do the lust [stq»port tho paits 

The part between the root and the barked part growii^ bat vtaj 
little, ia also easily explained : for by admitting that the cammuoicatitm 
between the two parts b cat off, then it ia only rerernng the abow 
theory, lii. its not being consdoos of any part beyond it, as if it hod 
be«n cut quite through, as was mentioned in page [34S]. 

April 1775 I made the fdlowing experiment: — I slit tho btufc of a 
brunch of a Scotch Fir for about two inches in length, and sotMumti.il 
the boi^ from the wood all round, and put a piece of card round be- 
tween the bark and the wood to keep them separate, — the elits allowing 
mc to pass tho card all round. This branch shot out as long shoots as 
any of tho others in the same circle, but it died in the winter. 

I did the same with a Laburnum : one of the slits of tho bark fbnned 
wood in its inner surface, and the branch lived. 

The same with a lilac. The flowers of this branch did not blav 
BO soon as those on the other brsnchi^, nor ihd they comp to perfectioD. 
The leaves were of a paler green than those of the other branches, 

0/ OiC Growth of Trees. — Treefl and shrubs grow in thiekueea by a new 
layer of wood being laid every year on the outside of the tnst ycor'a, 
immediately on the inside of the hark ; and, as the new layer is at first 
but slightly attached to the last year's layer, but every year bL-oonica 
firmer and firmer in its attachment, I find that, when the hranchos arc 
cut off in tho autumn, after this outer layer b completely fiirmcd, such 
layer, ia the stem, will not attach itself to tho last year's layer nntil 
the f<dlo\ring year ; and even then it will not bo attached stronglf, 
because this year's shoots arc not such as {pve great influonee U> the 
uedon of the stem. 

As wood grows by a new layer bcnng fiirmcd every summer on tha 
surface of the old. and as each la)'or is scver^ months in forming, llio 
first formed part of every layer has the whole summer to perfect itself 
in, and so on less and loss, us tho succeeding ports are later and later 
is forming ; so that the last funned part has but httle time in Um 
summer to heoome good wood ; therefore each layer is mode up of wood 

' [Tliia paragrap!) i* cmiuratlj cluractcriatic of Bunlcr'a {Kvul Ur iiitxln of [ilij- 
«oii>gieal Ibouglit, mid of hisUiirlwipj topfmjliirjphHnoiiioiu. The gr™i«r growth 
shore Ihe biirkH] jmrt ia ilue to tii« oneit, at ihal put, of Uw downiihiig iiuMUrt 

ruiTcnU of ihc carbonliBd i"^] 
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of different degrees of goodnesB. Thia is evident in the wood itselt', 
and showB itself upon otinoat erorj occasion : for inetance, cut a pioce 
of wood acFose, and look upon the ent end, yon will find the inner part 
of eseh layer the hardest and most solid to the eye, bnt the exterior 
part is porous, and if it bo Fir, we find that it is fuller of rosin. Tha 
Bamo appearance takes pl^ce upon a longitudinal view of each layer. 
This is not only aeen in sound wood, but it ts seen moat plainly in the 
decay of wood, for we find that the outer part of each circle or layer ia 
soonest mttcn, and boconice hollow while the other stands. 

On the Ist of August I observed that the present summer's growth 
of a Fir and of a Laburnum had became the estemal laycrof woodof the 
tree ; and what now came oft' in the form of Lark, was a now layer of 
wood that had begun to form, which was nf a pule green covered by two 
cuticles, — one, an out^r, thin and brown, the other thicker and green, 
The out«r surface of the last layer of wood was of a very pale green, 
which could be pushed off with one's nail. This now beginning layer 
of wood, I apprehend, ia formed by a second growth, which trcce com- 
monly have. 

In trcos, the first shoot or stalk is always better wood than the 
second, the second better than the third, and so on, oven of the same 
ago. Thus, if we eomparo the first year's growth of a sucker, or that 
&om a seed, with the second year's growth of another sucker, or from 
a seed, we shall find that the wood of the first year is much heavier and 
much tougher. 

The stem is always hotter wood than the branches, even of the same 
age ; so that the branches upon the whole are the worst of all. Thna 
if we compare a branch of any given age with the st*im of the same age, 
wo shall find a greater difference than between any of the branches. 

The branch from a branch is woree wood than the branch from a 
stem, and so on ; so that every succeeding year's vood is worse than 
the preceding. 

Every bmneh may be reckoned a stem, or a principal, to the shoot 
it gives off; and in thia view it is sirailar to the Ht<im with its second, 
third, &c. shoots ; and it may be reckoned a principal to its own 
branches, and is always better wood. The reason of this is evident, for 
the strength or goodness of the wood must be in proportion to what it 
has to do, or to supporL 

The stem has always the strongest wood where it gives off a natural 
Bucccssive branch ; because, there, it has not only to support the tree 
equally with every other port of the stem, but it has to support the 
weight, motion, iix. of that branch. 

Both the stem and the branch grow in thickness in proportion to 
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top shoot : and the growth of the top [or end] shoots of the branches 
docrcaaes downwards, but the top shoot of each branch in always longer 
than the side shoote of the ftame branch. The top shoot b alwuya 
perpendicular and highest, or most so of any ; and this falling off from 
the perpendicular towards the horizontal, becomes gradually more and 
more so downwards to the lowest branch*. 

Qu. Is it owing to this perpendiuular position, or to the greater 
height, of the shoot, that tho growth is greuter? 

Hi-p. — A Scotch Fir had its top or leading shoot cnt off; it had four 
principal second shoots or side branches immodiately under the top shoot. 
On tho Ist of July I tied up one of these four side branches ; in three 
days that young growing shoot bocHme perpendicular, and in the same 
line with the stock on which it grew, and it had also grown an inch 
longer than any of tho young shoots upon the other three aide branches ; 
so that it got tho impression of the leading shoot. 

From the above principle in growth, wo should suppooc that the 
greuleet powers n-ero at the top, and [that they] become weaker and 
weaker downwards ; but we find that not to be the case. It is not 
strength of action, but it is a principle of action : we may as well say 
that tho powers in a man's legs are greater than in any other psj-t, 
because they grow longer ; but we know their powers from this 
cause are weaker than other parts ; and we also know that the quickest 
and longest growing shoot is the weakest in the vegetable, owing to tho 
same causes. For we may observe that, when anything affects the 
general health of a vegetable, such as transplanting, severe winter, &c., 
it is always the top shoot that shows signs of weakness most ; and upon 
tho some principle that the extremities in animals are weaker in their 
living powers : and we may observe that although branches do not form 
such long shoots as the top. yot_they are first in action in the spring. 

When trees begin <o throw out their leaves in tho spring, or rather 
form new shoots, it is always on their lower brauchoa first, and in 
gradual and regular succession upwai'ds ; but still tho upper will make 
the greatest progress, having more the piineiple of growth. Also, if a 
tree be newly planted, and does not take kindly to its new situation 
and is weak, we find that the most vigorous parts are its lower 
branches, strength decreasing upwards to the top shoot, which is tho 
weakest of tho whole. Also, if we cut off the stem of a bean above the 
fifth or sixth joint, new stalks will shoot out at the joints ; but it will 
bo at the first and Kccond, not at the fourth, nor even at the third joint, 
from the bottom. 

* The vreeping- willow u ui eaoeplioD \a tbis, Mid there may be many mora. 
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I A bcnn grows bj Rhoota ; every sboot is almost tlio only additimi ir 

I tiio plant : however, not entirely so, for it grows a Uttlo ia lUl it* 

r formw shoots, but that growth is proportionnl to the a^ of the GhonL 

For esnraplp, if there itrc three shoots, and a fourth beginning- to grow. 

or growing, the third shoot groirs a Uttlo while the fourth is inctvauBg. 

nnd more than the second, and ihc second grows more than the first 

The first shoots seem to lose their power of growth in proportion t« tlie 

I rninber of shoots beyond them ; bo that by thn time there oro five, six, 

I or seven shoots, the first bae hnrdly any poreeptibli> growtb : or i°r«y 

P new shoot may be supposed to stop the growth of the first one device; 

or a new shoot docs not begin to grow till the last has grown almost it« 

fiill length. Cut off the top shoot before it has grown its full length, 

and it will continne to lengthen, but not so much as if the top had btxa 

I left on. 

I The last shoot of a plant is always the weakest part of that plant, 

I and the last part of that shoot is the weakost piirt of that. Mid of 

oounie the weakest of the whole. Thi^ fact is best known in sevov 

wint«r8, or a cold beyond the natural tcmpemture of the plant ; for 

when the cold has been too great, we find that the last slioot «tther 

dies, or if not so severe as to kill the whole of the last shoot, it shall 

I kill the last-formed part, so that new shoots arc obliged to riso f^m 

I those branches that are two yeart old or men;. 

I Trees, after a certain period of their growth, which is pretty enrly, 

ft bot more so in some than in others, generally make shorter and shorter 

I ihoota every succeeding year of their growth. Bnt as the nombdr of 

1 branches increases, it is more than probable that not only tlie nnmber 

of branches of any one year's growth, but also the >|nantity of rogo- 

table matter added, exceeds that of any former year. So that, ulthooi^ 

this year's shoots (taken separately) are shorter than those of lust ymr, 

I yet tlie tree has gained, not merely in an additional progression, via. by 

I adding the same quantity yearly; but perhaps in a geometrical pro- 

r gression, which is a much greater rate of increase. 

Most plants hare their periods of growth and periods of rest, indo- 

pondontly of vnriations of scasona, sueh as boat and cold : for in tlio 

same degrffl of heat n tree may rest from growth, and then begin to 

I grow again. Perhniis Ihis ecsaation from growth arises from the forma- 

I lion of aood going on in the plant, or endeavouring to go on, or beeauae 

1 it is the time it should go on in that plant ; and when that period U 

over — the season remaining favoumblo reapecling hoot — the p!nnt bcglmi 

to grow again, producing what is culled the second (trowth. Thid 

second growth of llie branches of plants apptuLrs tu he a continuatioii o^^ 
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tho first ; for 'wo never find a now branch shoot out from the BiAts of 
the first growth, upon the renewal tiiking place. 

Some plontfi grow equally at all ixtnce in the 24 hours ; e. y. Aspani^Ds, 
Fir, Diiie of Aj^Io'k Tea. Rome jilflnts do not grow equally at all 
times in the 24 hours ; some growing only when it is dark ; e. g. Beans, 
Poas, Lupins. 

The circiUD stance of many vegetables shooting out branches when the 
tronk is cut off, would appear to arise &om a certain quantity of action 
necessarily taking place in tho plant; so that if it be destroyed, or 
obetnictod in one part, it takes place in another. This is somewhat 
like Bt. Vitiis's dance in the human subject'. 

When trees shoot ont many suckers, or many and strong lateral 
branches from the stem, we may bo sure there is a deficiency in the 
growth of the top. the growth of tho top not being in proportion to the 
growing power of tho tree. 

When a tree sonds forth its new shoots, and the leading one is 
allowed to grow, then the harmony of growth is preserved ; but if the 
leading shoot is broke off, then there is an endeavour in all the lateral 
shoots to become leading shoots ; but some one gets the start, and then 
the whole affair becomes settled. 

Uany vegetables form their flower on their extreme shoot; such 
can never have a leading shoot, but must be obliged to grow from a 
lateral shoot or branch : such can never grow tall and straight, but 
miiet grow bushy ; they may grow more or less into large bushes. 1 
believe all tho annuals, without exception, form their flower on their 
extreme shoot. In them, the flower forming on every shoot cannot 
hinder a repetition of the growth, as the whole dies away in the some 

The same observationB are appUcable to those whose stalk dies away 
0vory year, but which form a new stalk from the root ; such therefore 
may bo said to Hve by suckers ; and there should be a term expressive 
of this, as it is their groat characteristic. 

Then there are those which may be said to have no fixed termination 
of existence, but live for years, which may include shrubs and trees. 
These [perennials] appear to me to be of two kinds; with an inter- 
mediate one like tho formor, having its flower on its extreme branch, 
so that it never can grow to any great height, but must become thick 
and bushy ; the large Sumach is of this kind ; every branch ■terminates 

■ [TbiB it emincuUj chnrooteriBtiu of Hunlor'* faculty of ducortiing, MVa the Poet, 
nimilitQdc in things to oommon liew most unlike. It alio iUualratea the nerer 
deviitingiiiniof liiBuninleimitlingiiiveflligatioiiBof hvingphenoDiens, togoin rnnte- 
rislsfor the (buudotion of u KioiiLiftc knovledgtr and (rcntnient of dispfueuTid ii^iirj.] 
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in a lover; bat M i 

warm dtoute. Cor Ub htfr Aooto or h 

■ad M die vintcn iicn are too «U to ailov Ulo Bn, tbe extiana «id 
en vlnck tbe bod is te Chb, £n, and ibe flower u pwre n ted frna 
he HimaMT fiOknrii^ TIh KUer is alao of this kind ; bat 

M it is a Duve haidj plant, more of ita hanthtB Sower, and Boma im 
thrat^ the vinter to flcpwer next amanMr, bat thcj- still t 
a flower. 

A mixed iortance is tltat in which, in kmbc hnndMs, the gnvtli 
) on in the Ictuling aboot fnr odb or two yean, but shall be 
intcrTapt«d in the second or third year bjr it« tenoinatiiig in a bloaeom. 
The HoTse-chcBtnnt is of this kind, as also the Moontain Ash ; but it 
is not until thej bare airired at a certain ^e that they flower : nntQ 
then thoj' haTe the troe properties of a lrE«. Bjr this I mean that tho 
whole plant continiiea to ehoot or elongate in both tnink and branches; 
all of the Fir kind are probabl; the best instanc«« of this. 

Of Climhing Plant*. — All plants arc not capable of supporting them- 
Btlires, end therefore are obliged to have recourse to some mode rf 
support : they are such as grow in length beyond their proper or pro- 
portional tbiekncHs. 

The elimbera, the Iry for instance, arc, I believe, not numerous ; but 
both the tnrincrD and the clingera are an exten^To tribe. We may call 
'creepers,' thoae which pass boriwintally ; 'climbers,' those whieli 
ascend ; ' twinere,' those that twine round a body ; and ' dingers,' thoao 
that lay hold of lateral support. The first is the weakest; the sooond 
and third arc nest in strength, and I believe pretty equal ; and the laat 
w Ihc strongest. I bclioTe tnost form lateral shoots, although not all ; 
the kst probably the least ; although thcy do, as wc sec in the vino. 
Those that go on horijMutally have gravitatioD for their principle ; bat 
those that ascvnd on trees, walls, &e., I believe have an attractive prin- 
ciplo ; probably it la touch, as in the climbcra and dingers, to which 
[the thing touched] they immediately bend or incline ; for instance, t^e 
Ivy. The twiners seem to dopoud on another priodple. Thore are 
Bomo that partake of two principles, and are both dimbers and uUngen, 

Tlie creepers are a largo does. 

The twiners ore a largo class, and what iB very cnrioue in them, 
is the consbint manner in which particnlar kinds twist round bodies. 
According to this regularity, they may be divided into two, viz. those 
that, as they ascend, always go round from left to right, and tlie oontraiy 
of the others. The Hop and Honeysuckle go from left to right, or with 
the sun ; the Pen and Convolvulus go Uie other course. This regulaii^ 
must depend on Home principle, and I conceive it to be the following: 
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of which thoy aro eompoeed groic spiral, and in the same 
turn. 

are also a krgo class. The Vino may bo given as an 
tendrils move in all directiona in scorch of a hold, and 
they cling round it, and in any direction. The Posuon- 
of this class. 

'ii^inia-creeiMir may he pven as an instance of both climbing 

iging. It is curious to observe this plunt clapping its tendrils 

wall ; then they become broad at this port, and stick by a kind 

.ifttion, or attraction of cohesion ; or they will insinuate themseivca 

or crevices. It is curious to observe its tendrils always 

I the wall, although tbey may arise &om the side of the stein 

the wall. 

appear that weakness in anj-thing that has powers of action 
itself, produces or stimulates the parts so weak to take aD ad- 
of collateral support. Even a bean, which, when strong, seems 
id entirely upon its own powers, yet if it grows weakly, as 
in the sun, or [&om] any other cause acting to hinder 
when growing, — in such, if a stick is put into the ground close 
will twine around it in loose spiral turns'. 

' [Tbe following, in anaror to inquiriofl by Hunter, is in tho handwriting of the 

'i^ltfatod pupil of Linnieiu, Du<iKL CnuiLU Sdi.ani)eii, M.D., the companion of 

^"Vanki in llis cirmimnaiigilorj rojsgc of Captain Cook :— 

I "Bear Sir, — I rvceiTed your'*, and hnTe coiuideTMl your Qil, wliich, aa genonl 

quealioiiB. are very euilj anawered : but nlien we come to puticulan, to loll how 

nuny have twining stAlkp, haw many rooting itali:*, and what numbor support 

tiMmKlreB bj drrbi ortendrili, how man? b; shntting up their leaves at night hare 

I ilia appearanoe of stnp, whiah ara aOected by Ou) (ouoh, and how man; have «ilf- 

I tnotioD. — we ihall Qnd it very diiliculC to ascertain the oiaot quantity even of Ihe 

, plania that are known, both for want of obHrTotdon and ivcollection. However, tho 

general ansner ii. that all the plants in which tbi;«e diStrent uiotions have been 

obverred, bear no proportion to tlie number of thoso in which we tee nothing but 

the common mode of vegetating and growing. Supposing there are 13,000 vvge- 

tables known. I cannot reoollect above 7T3 out of that number which have any 

particular motion. 1 have made a hasty caloulntion of theso as follows, vii. — 

Somniferaiu plants . 448 

Caulo voluhili 105 

Canle rodicans [sic, in MS.] IG 

Foliis dnUferie 107 

AlTected by the touch . 6 

HaTiog •elf-motion . ■ I 

773 

"This CAlculation can by no means be depended on as nau' the quantity tlut hoe 

the difliTcnl motions menlionoi above ; thorc is no doubt u great number of pluita 

that slwp at night wliich have not boon noticed ; and wo shall, in all probability, by 

oliaerTivtiou Gnd luniiy that have self-uiotion, &c. Ou llie whole, the dtScnvnt modes 
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O/MtHom in r*5wtoWrt, — All plants toe not endowed with cvitSoii 
motion, many being porfuctly at reat, having do options going cm io 
them but those of aimple growth, which is the moat siiiiplt! alste in 
which we can concdn> life to todst. 

Borne, hoire\-er, h^ve motionu produced in parts of them, from p»- 
ticdlar canaes, as the rising or sotting of the son, tfrc. OUten an 
aflected by the touch, bo as to be immediately put into motion. Same 
ha'TO diumal motions going on regularly and nninterruptodly, but w 
exoeedingly slow, as to be »-ith difficulty pereeivpd : othora, agsia, 
haTo omtstont motions, at least through the diiy, gniug on ao quickly it 
to be easily detected by the eye'. 

On what circamBtances these motions immediately depend, — whoUutf 
they arise from the action of structures formed fur tliis parpoeo, or fnin 
a series ot contiguous structures so conjoined us to prodacp tbo offixl' 
by their suiwessivc motions — we arc at present ignorant. It is probaliK 
however, that the power is analogous to the irritability of nninuils. 

Some Tegetablee have their leaves closed up in tho evening, as 
Sensitive-iJant ; in most they are not in the least affected by either 
vrenisg or day. 

To aaoertain tlio cause of the internal influence which prodaoed 
these effects in the firet, 1 made several esperiments. As the viaible 
differonee between day and night ore beat and cold, light aud dnrknc^ 
I mode the following experiments upon these principles : — 

For distinotion, 1 shall call that action which appems lo ariso trom 
the greatest quantity of vignnr, tximtion \ and that notion which appenia 
to arise £rom a loss of powcr.^.rioM ; although many of the motiuna 
themselves, with regard to the poailion of ports, are not olmyk 

I took a Son si tiro-plant, and in the evening, when it was in a state of 
flexion, put it into a room. At five o'clock in Ihii morning, a little 
witilo after sunrise, it was beginning to ex]>and its leaves and erect iU 
HtalkH, and continued this position till about five o'clock in the evening 
when it liegnn to close again, but before the light wa-s materially gono. 

The second day I kept the room dark till five o'clock in tho ttftur- 
noon (tho time that tho others were beginning to close), and it ex- 
panded itself and kept expanded till dark, when all its extroraitus 
began to collapse. 

of pUnU an tbij inipi'rfodlj known. Vc hnro liltlo sTquuntanM wiUi Um pUnti 
of but oounlriM; auil tho«r of Eunijiri lure been more •tiidk^d for i)u-ir uwa tlum 
fer U>e ulvsiidng of oitund knoolodgc."] 

■ [In thui/w/yMrvin^,fniru(i)r«mM/(Uin, I)«iui(lDUc)Oiere us ooiitlniial motion 

of l)i# ItwitCT lij iliij, iniltipuiiiluiilJ^ of BlJTiiiii[ilu*i<! inovrjiiiniU.] 
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The third day I kept it in the durk room all day, and it kept in the 
flexed itate ; about eight o'clock in the eTciiiug I threw a, light upon 
one leal' {rom a concave mirror, by means of two candles put doM 
together, which was continued throe hours, but it had no effect. 

The fourth, fifth, and sixth days it was kept in the dark room, and 
still continued floxed, but waa beginning to decay. 

This process of expansion and collaimng does not arise from an 
inoToase and decrease of heat between day and night ; for in the winter, 
in the hothouse, where there is very little difference in the degrcoa of 
internal and external heat, and less so in the house, whore a pretty 
regnlar heat is kept up, wc find this plant performing the same 
motioo. 

If the stem of the Mimasa pvdica be touched with a hot wire, the 
loaves above coUapso. 

If the top of o brunch or pinnule is tonched with the hot wire, the 
whole leaf gradually collapsca, then all the leaves above, while only 
one or two at most coUapse below. 

Btimulanti, such as a strong solution of eommon salt, did not pro- 
duce a collapse, excepting when put on the joint, and this uncertain. 

Ether applied to the layers of a pinnide will oblige the whule liuif 
to collapse, as also other loaves on the stora, both above and below ; a 
cut into a strong stem will not produce a collapse: but if into the 
tender part, it will produce a collapse of all obove, and commonly on 
the same side ; but a deep cut may affect the other side. Tio a liga- 
ture round the stom or stems of a branch, it may bo cut bolow this 
without affocting the petiole or pinnule above ; the branch may oven bo 
cut off without a oellapse. If a coUapao be produced, they do not ex- 
pand 60 freely. 

It ia curious the not collapsing of the leaves upon being gradually 
heated, so as to bo burnt. It would seem that the presence of the 
hoat hindered collapsing. 

The Sensitive-plant baa evidently parts fitted for motion. At the 
sotting on of the footstalk to the stem, and the joining of the foliolos to 
the riuhi* of the eorapoimd leof, there is evidently a part in both dif- 
ferent from the othor parts of the same stalk, &e.' It is in these parts 
that the flexion and the extension are performed : hut when the leaf 
performs n rotatory motion, which it will do when the plant is inverted, 
the whole of the footstalk appears to join in this motion, so that it is 
simply a twist upon the axis of the fociUtoIk. 

In the Dhncii miurijiri/n, or Tipitiwitchet, tho wholo of the lobed part 
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port is bent towards that si 
of conoid motion. 

To see if the actions of plants wore affected by a contiaaation ol 
etimiiluB Binular to those of animals, I made the fullomii^ cxpeii: 

As I took for granted thfit the unalogj- could go no further t 
related to the actionB produced by external stuaali, my cxpc 
were only made on such plants as exhibited actions of this kiadi 

As tUoee parts of plants which aro capable of the seccind a 
lands of motion arc generally small, as leaves, tendrils, flowen, M-M 
it is difBuult to discover the mechanism upon which the motioos depend : 
the sensitive plant is probably the best of this kind that ve tare as yet 
aoquointod with. Ah the motion of the petioles is confined princi)Mlty 
to one port, and that diffeiing iroiD the others in external appouaaoe, 
which difference ia its increased thitknees and uniformity of sut&cd, 
upon cutting the footstalk longitudinally, as also the stem on which 
it stands through its whole length, the following appcanmcea may ho 
observed' : — 

For the purpoee of making my experiments I took three scnattire 
plaiitB, having several others for any comparative experiments which 
might be thottght neoeesary, I first pitched npon one leaf in each jihut 
which was capable of the greatest motion of collapsing and erection ; 
and behind each of these leaves a hoard was placed, on which wax 
marked the greatest extent of the two motions, so that the leaf was like 
the index or radius of im are. 

To have tJie groatest part of the day before mo, 1 bi-gan my experi- 
ments at eight in the morning, while the leaves were in full cxpanaoa, 
and I continiiod them till four in the afternoon, as longer t 
would not have been just, for they begin to collapse of t 
between five and six o'clock. 



' [Thu BtiuniQiB of certain pltmla offer Mrikitig euimplcB: thow of fi 
approBol] in regular auccesMDn the pistil, uid m aoon w wah luu ght-d il 
OTur it. il nilinM siid gives place to unollwr. Thn itjinima of Uio barbin77 «] 
moni active inarvliionla. In the tigor-lilj' the piidl peniU first to 
" en lo Buotlier,] 
* [A bUnk in the manuscript bere omnin, which lunvea lu tf^i""" 
I of Uunlci'i ouuniiuition of the ulruotura at tinn ii-ritablit iTiUimcK'nicv ol (t 
I of tlip leof-atollu md Malttlets u( iha UiiDon. Witli liin <uu»l iiiiKw:il;, 1m 
[ he riglilly rctow the muliio powwlo thi« pmt, and it hiu ainto been thnau" 
I mioh diligent and itunuto invaatignliuD,] 
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Comparative Trials of Ike Action and Relaxation of Three Stmitlve Plants, 
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From those experiments we may draw the following conclusione :- 

That there in do fixed time t'ur tbe loaves of any of the plimts to move 
through ita eouree. 

That they lU'u \cm afTccted oa they bocomo acuustomcd to the stima- 
lus, but the powc^r of collapsing is increased (although not tn the same 
degree), so that thoy do not movo through the same are. 

That they require a etroager or quicker stimulus to produce motiuo 
after being aomo time accustomed to it, which was evidently seen in 
votnparing tliceo with others whicli had not been stimulated. 

It may also bo observed that when thc«e plants collapse in tbe even- 
ing thoy have nearly the same quantity of flexion as when roughly ■ 
tiJuuhed at noon; but if touched after they have coUapeod from the 
effoet of the evening, they become much more bent than by the aamo 
touch at noon. This would seem to arise from a disposition to collapse 
in the evening, and a power of increasing that disposition and action 
when otimulated. 

Their collapsing more in the day, and erecting themselves less after 
a re^K'tition of such actions, may assist in explaining the priueipio on 
which 'I'i'' depends. 



HBO FHYTOLOQT. 

F Of Setaxalwn i» Ve;ittabla.~-Therc: is an action iu plants wlurb 

l^pcars to be the contrary of expansion ; it may be coondered u t 

relaxatjon, or on action of those ports antagonizing tlia otlieiv whki 

octwl through the day, or at other periods, and takes [doco at the don 

■ifacse other parts cease to act. 

H This action has hitherto been coandered as analogous to sloop in 

^pmnab, wbrrcas aloep is a total loss of tlic S4.'iisitivc principio and tJl 

Hfefi actiouB dependent on voUtioa for the time, and therefore can wif 

Bake place in animals ondowod with aeDBatiun*. It is rather a ddbet 

Ba the animal than an notion or the exertion uf a principle. 

* This action of relusation is seen in tJio sensitive plant when Qa 

fiilioles elose upwards and are kept bent bj the power of action in the 

flexors, till light and some other of its attendants aOect it, wbm tks 

oxtensors begin to act, and this action of tho flcsurs cesses. Tho 6wt- 

Batalk dropping down fttToora the idea of simple relaxation ; but tliu only 

B)trisc8 from tho position of tho plant, for if turned upside down it stiU 

Bbends against itd own gravity'. 

H The one action is produced by the stimulus of light, the other by that 
■of darkness; for if the sensitive plant is kept in a dark room it irill 
Bltcep bent, and perhaps iis long as it lives : mid if one part of the )>lant 
is kept in the dark and the other in the light, that in tho dark will bo 
bent, and continue so, while that in the light will oxpand Itself. 
Light and darkness become stimuli to the same plant, and have : 
I more influence ovor vegolablea than could nt first bo imagined. 
L plants only grow through the day, olhora only grow after it is 
I Sympathy in Vegelablez, 

I 8}*mpathy is tho action of ono part in conseqnenec of an appl 
I being made to another part, or action in another part. 
L This power of action is extended to few plants, and even in thesei 
B'peors to have litUe variation. It is evident in the sensitive plant ; for 
B'3f ono of the little leaves be wounded at itji termination it will eoUajne 
1^ immediately, as also ite fellow on the otiier side. This action nioa 
through tho whole of the rachis of Uio compound loaves, the leaves bend- 
ing regularly in pairs. 

If it is a middle fotiole tiiat is wounded the same thing tokos place ; 

they all collapse towards tho footstalk, but seldom toviards the extrana 

• Tlie polypui dote not Bkep. 

> [The powers vhiph produra Uiu doprnaian wid elsTntJoa of tho iMfnUlk Ope- 
rate in B maimer praciael; tlut niione or tiwi lUsor and ciit>iit«or miiviiq In ■rilmab^ 
piuliing the moviDg put &omi imlmd of pulling it lomini*, Uic fliod point. Tb* 
diabniBioa Mid oalLipw of cbUb Ihruugli motuncnil of ttui np, Hppror to be IhcoUiC 
vphf tienl chungoa wcompnnjing Ihnc nioTOiiipnU,) 
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ond of the \quS, and in a. little time the rachia is inllocted and the whole 
leaf drops at the tmnk. It niaj' be remarked that a Gmall flexion takes 
[ilace towards the tip ; hut this principally arises from a disjiositioa in 
the foliolos, for a middle one cannot collapBo without pressing or folding 
a little on the one next to it towards the end of the leaf whieh stimu- 
latos it and makes it coUapse. 

It is evident in the tendril of the vine, for these tendrils generally 
divide into two, near their ends ; these two going out from the principal 
trank in difforeat direetioiis, if one lays hold of any body and twinefl 
round it, the other inunodiatoly alters its direction and gradually ap- 
prooches the same body till it comes in contact with it, and then bends 
round it and encircles it. This motion, however, is very slowly per- 
formed. 

Sympathy in plants is very slow in producing its actions ; tlio suc- 
cession of stimuli in them being alow, the consequent actions must also 
move slowly along. 

PLint« have but one raodo of sympathy, which arises from stimulus. 
Animals with no brain or nerves have but one also. Those, however, 
ondowod with sensation have three : they have one mode from stimulus, 
one from sensatiun, and one compounded of both '. 

Sympathy in animals, arising frxim tttimulus only, is slow, as in plants ; 
but sympathy irom sensation is often very quick. 

In the Vino, if the stem rises perpendicularly, the footstalk generally 
comes out at an acuto angle with the stem above ; but if tht« stem 
hangs, oa it often does, then the petiole makes an obtuse angle with 
the same port of the stem, Tliis action is peifonned ut tlio setting on 
of the petioles. But in this last position of llio stem the footstalk is 
obliged to make a tw-ist of half a cirtdo to bring the upper side again 
uppermost ; and this twist is principally performed at the root of the 
petiole, but it in some degree runs through the whole. 

The flexion and extension, with the conoid motion, must be per- 
formed by longitudinol contracting powers, but the rotatory motion 
must be performed by oblique. 

With the idea that it was possible that the contracting power of 
vegetables might bo muscular, and thereforo the same siiccies of matter 
as animal matter, — especially, too, as they yielded the same matter when 
analysHid, although not in the same proportions, — I made the following 
experiments ; — 

1 cut oh from several leaves of the Sensitive- plant the active part of 

' [.InimrJa nun ifeating only tlie'rcHei |>bBnora(!nn' of llio nervous Bjiteui, oro 
boro «>nlraat«d willi Uiow Hihilnting, abo, ' Kauotionol {ikenomtmn ' ixHiciiiUd with 
tbc posiuMsiuii of a bruin.] 
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ita potioluH, tmd oleo of tho folloloB, and put thorn iuto n 
water. No. 1, - 

I took oa murh in qnnntity of tho mactive part of tho petioles and pot 
them into another phiui with the same quantity of water. No. 2, oi 
sunk Lhem both into tho tan in a liothouse. Whon they had stood thiitf- 
bLx houra, I Bmelt them both, and found that pMol Ko. 1 had a pretty 
strong sicldfih or faintish smell, Imt that of the othvr wns hardU ptf- 
ccivablti. When they had stood forty-ei);ht houre. I tuund the smell ot 
the first increased, but not that of the second. I took some of Uic 
wuter of tho first, and put to it the syrup of violets, und it tumr<l il «f 
u very fine green ; No, 2 had no efl'eet upon the ^Tup. It did not pro- 
duce the same effects ogmn, and 1 continued them in it for more than 
three wooks, upon the very same parts, and at last they both produce*! 
on odd. 

The 6t. John's Wort opens its flower when it is d&rk, never whtai it 
ia light ; but they never close again when it is light, aa do the Con- 
volvulus {Iponuea lona-nox lann.], Evening Primrwse [(Enolhera, aerenl 
species], &o. ; indeed, I believe its flower only lasts one night and one day. 

I have seen Honcyenuklce which flowered in tlie night, two uf than 
before twelve o'clock at night. A Uolybock, whose flo\rcr was pro- 
truding in tho morning, opened in the forenoon. 

Of tin: Action of Liffhl. — It was thought, from common obserrstioo, 
that hght was tho immediate cause of tho green colour of vcgeiBhiM; 
but upon u further Investigation of the subject, it appears to be only 
the remote cause. That it is not an immediate cause in all coses m 
plain, from vegetables of tho same species not all bii'ing green ; nor gnMn 
in all porta of the same vegetable, as the Variegated Holly, Aloo, Ju. 
Besides, many v^otublea are green througli and through their wholo sub- 
stauco, as tho &c. ; [some mosses, lichens, oonfiTvat] 

and many vegetables that are grcon on their ontside, viz. in their cutis 
and in their new layer of wood, especially when but newly formed, an 
also green on the inner surface of the canal of the pith, as in tho yonng 
shoots of the Elder. From oU which it would appoar that light is nul 
the immediate cuose of tho green colour, but a remote cause, viz. the 
eause uf a ettrtain degree of health or ]>roper action, which piHxlucea tbu 
green colour ; and thai those pliiuts or porta whioli are not green, when 
exposed to the light, are not capable of taking on tills necewiaiy modo 
gf action, although under the influence of light. In other words, tito 
light is capable of stimulating most plants to such action aa [irodntin a 
green colour in certain ports of the plant, no laiitter whether inuno- 
(hatt^'ly, or nut immediatoly, under tlie influence of light. 

The leaves of moat plants are green, but ii>it of ull, In Ihone tltut 
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aro naturally greon, wo find that in proportion to the health of the 
plant the green is darker ; and when not healthy, it is more of the 
yellow cast. Those that are naturally yellow do not chango : yullow is 
more or loaa the colour that p-eoa vegetablea take on in the net of dying. 
Thoroforo when plants aro not of so dark a grccu as common, they 
have but few or little powers of life. A dark green in any j»lant shows 
great vigour of life, and the growth is luxuriant. 

Of t/ie Leaves,- — Somo plants throw out their leaves much earlier tlian 
others. 

Query. Aro those plants of colder climates, because they con vogo- 
tato with less heat than those of waimcr climates? and, conversely, of 
vegetables of warmer climates, aa they require more heat, are they, in 
some degree, kept back in putting forth their leavca? If so, then we 
might judge of the warmth ori^nally euitablo to a vegetable by the 
comparative times of their throwing out their leaves and flowers. 

We sometimes find trees throwing out leaves, and oven blossomB, 
about the beginning of October : such I have observed have dropped 
their leaves very early in the autumn, so that they had gone through 
their suspension of action a sufficient length of time to take on a new 
action. But such late growths are commonly, if not always, weaker 
than those in duo season; the leaves are paler, commonly with a 
mixtui'e of yellow, which denotes weakness. 

I had a Lime-tree that threw olf its leaves in August ; I thought 
it was dead, but it threw out a second sot of leaves in the hitter end of 
September ; but they were pule, therefore not healthy or vigorous. A 
Horse -ehostnut tree at the King's Head door, Brompton, had one of its 
branches which lost its leaves very early in the season, and by the 
tatter end of September it had shot out fresh leaves and a full-grown 
flower ; the leaves were paler than those in duo season. 

Leaves have considerable motion when the wind blows. Is this in 
some degree to take off the force of the wind upon the whole tree ? 

Rome trees, as the Birch, Poplar, have much smaller branches than 
others, the stem being the principal part ; such also have small leaves ; 
of course those that have lai^ branches having larger loaves, 

0/lke Casting of Hit Leaves of Vegetables. 

Every vegetable is deciduous, but differs in regard to times, and pro- 
bably may be divided into the following : — 

The first is what may be called annual, being stmilar to those plants 
which die the same year or the same season, or rather when finished 
gruwing. aa in all the ploiiU commonly called deciduous ; but tu keep 
to the tnie analogy, thej should be culled , as it is 
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nmiliir to thi«c whose stalka unlj- live the Bome saraner, tntt tl 
, live, and shoot out new stulkB ; however, it ia never the last or ft 
I yenr'8 Bhoot« that throw out leaves, it is a new shoot. 

Thu BTCond is what may bo caUcd , or the anxod 

season of its age, or when it has finished the second growih. Tbu 
would be similar tu tho Baspborry ; for the Baspberty does not £e in 
the siime season of growth, as many vcgotAbles do, but in the aocond 
scoson, as do the leaves of the Scotch and Weymoath Pines, Laurel, it 
The Ihinl may be colled , or tlie third eeasoa of its 

age, or when it has finished its third shoot, as in the 

There may be a fourth, a fifth, a sixth differenoo in regnrd to the 

times (if casting the louves ; the last of wMch seems to tw the case with 

tho Spruce. Every winter exemplifies the first class, and in nU of the 

I Pine-kind tliia fact is easily known ; but in meat others of tlte ecami, 

I tiiird, &c. [difference as to times] the facts can onlj' be known by a 

f snceesaion of ohKervutions. 

The costing of the leaves of plants is most probably similar to 
sloughing or exfoliation in animals. It is at least an opemtion at 
tho plant, producing a separation of the leaf; and the only thing tlint 
proves it is, that the leaf will not fall oiF if the plant, and of course 
tho leaf, be dead ; but if the It^ dies, although long before its dcntinnl 
-time, it withers, is separated, and falls off; but if both the plant and 
Icnvos die at the same time, viz. before the Ecparation has tukon pUcr, 
I then tho leaf will not fiiU off, even when dried. 

Those facts show gardeners whether a now transplanted plant is 
dead or alive. If the leaves fall off by passing the hand over then, 
then they aro sore the plant is alive : but if they do not fall off of 
tliemselves, nor can be separated by passing tlie hand over thcin, then 
it is must jirobable that the plant is dead. 

Ofllm Chawje of the Colour of Lravcs and StaUct of Vc/jetabfa from 

I tht Qrcfn to iht I'elhtu when dying. — This change is on opcratioa of tli« 

k'tiving powers of the pUmt, and not simply death taking place. It is 

lely grndujU when the part ia as it were allowed to die a natiiml 

: but either u irreat drought or n few Irosty evenings will bmrteo 

1 the decline, and they die sooner or faster. That it is an opentioa 

Kifif tliv j)laiit aming bom di^bility or tho stimulus of death, is. I thinki 

l«vident ; ftir if a plant in full vigour, In wtuuh it is at the gTcene»t, bo 

C-killod immediuldy, by putting it into boiling water or by eleetridty, it 

» its (rroon colour, and will die gnxai, and even dry fhnl colour; 

U'Deo wt> may lupiHuie Uiat Wxn strongest phintd, or those vnth the 

[TentMit iKiHTtii of urtion of any ono apecios, will bo of tlic li 

; and 1 U<lteM> lliat tbi* » shown Q\'riy day by exiwiiouoe. 
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They not only retain their colour after (loath when killwl suddenly, 
hilt they retain other properties ; for if diied in that statu and wetted 
again, they come bock itg^ much more nearly to the &esh plant than 
those which die gntdually or naturally*. 

Of tlte Natural Decay of Paris of Vegetables. 

Vegetables have toany of their first-formed parts die while they are 
forming new parte. Thus, many trees prune themselves, as probably 
all of the Fir -tribe ; but tliia is more or less according to cireum- 
stnnucB. If a tree stands alone, so as to have a thorough air and light 
Burroonding its lower branches, there will not be that disproportion 
between the branches and the leading shoot, aa if the branches were 
otherwise circumstancod, and in proportion aa the branches are allowed 
to grow, the leading shoot is more stintod in its growth. This is the 
reason why in woods, where the trees are growing thiek, they run 
up tall and straight, and have few or no branches below ; for the 
lower thoy are they become sooner under the influence of shade and 
confined air, while the upper branches are not yet so long as to meet 
each other, so as to exclude air and light in a considerable d^ree. 

Of the EJftet of different Winters on Vegetahlea. — It appears from 
observation that a long hard winter does more harm to vegetation than 
a much severer season of a shorter duration. 

The Janunry of 1775, when the thermometer was about 10°, 15°, 
or 20°, did less harm than the spring of 17)50. whicli was late, although 
the thermometer was seldom lower than 20°. However, it may tie 
remarked that in the winter of 1775 there waa a good deal of snow, 
while in the winter of 1780 there was none. 



A plant that continues its shoot for two or more years, has always 
terminated the preceding year in a bud. 

liuds are the oitim or the emhri/o of a shoot or flower. 

In the bnd is contained the whole of the following year's shoot, and 
when tho shoot is fully blown or extended, then it forms another bud 
or buds. It may bu a continued bud, as in tho ; or a con- 

tinned bud with lateral buda stirrounding it, as in the Fir or Pine ; or the 
continued bud may not bo formed, but lateral buds only, as in tho Lilao. 
■ The nuAv of making hay might be iinproT(>d bj tliii prim-iplo'. 

< [Tt u that on •rhich t)u> niiblr, boCI mid «uiX!ultnit vegotablis sru prssGrred bj the 
proeesa inyented bj M. Muson. for wliiohs 'Council BJcdal' wfl»iiwardi?d at Lhe 
•■ Eihibition of tlie InduslTj' of All Sutioni" iu IWI. Soo "Ecport* of the Juries," 
S»o, Tol. i. p. l&fl.] 



■A oontainB n flower, it also contiuiis erciytfaiDg lebtiTe to it. 

A bad tuid a leaf are generally, if not always, formed Utgeiiur, 
whether on the side or the termination of a shoot. 

Buds in most trees, the Scotch Fir and Weymouth Piae excepted, 
grow on the ^dee of the growing stalk, forming as tho stalk fonu, 
cm^h bud having a leaf annexed to it. A bud never forma on tbo adt 
of a growing stalk, or on any part of a stalk after it is formed ; but a« 
tlio external wirface of a tree is growing every year, or rather as thcr" 
18 a now layer formed every year, there arc plaeos formed in the btrit 
whiiJi answer the purpose of a bnd, when snch iilnce is stimulated to 
action by cntting off tho inteUigenoo with tho porta above, n'hich obligca 
it to supply what appears tn it to be wanting ; bnt all trece havt- not thi*. 

It ia not clear to mo but that thcec ports wore originally buds, irhicJi 
did not sprout, and by that means became flatter and flatter, bnl 
still retiuiied tho disposition of a bud when called upon. All bods 
are not intended for branches, only for leading stnlka, in caso tho stalk 
should bo broken, as in the Bean. 

Tho lateral buds in many tree^ appear to be so much a tomtinatioo 
of the shoot, that the leading bud is obliged to strike off obliquely, 
which is more or less tho case when the buds form alternately. It 
IB remarkably so in tho Lime-tree, making \ha wholo shoot after it is 
formed take a rigiag courao. But when the buds arise or arc farmed 
in pairs or in olustore, then the leading shoot goes on stxuight, being 
equally influcnoed on each side or all round. Must ahoots go on in a 
straight line with tho stem, whether of a branch or main trunk ; but 
the Virginian Creeper would seem to l>o always growing backwaids, 
haying its last-grown part bent backwards on itself for two iDuhos, nmf 
as it grows, it ia in the some proportion unbending itself. 

Probably oveiy tree has in its nature an annual cessation in growth. 
This is perhaps better illustrated in the Lilac than most othera. 
This plant torminutes its summer growth in two buds, exactly similiir 
to those on the sides at the attachment of the loaves; and tbo bud 
has no disposition to grow till it has lain dormant some time, (luery : 
What is tho reason of all this ? Is it because the lost year's bud h4ui 
^Ily expended itself, thereforo can shoot no further, and must Carm 
a frtah bud to go on with next year ? 

The bearing part c)f every vegetable is either one year old or of Uno 
same year, so that those part« that are older are only employed in tho 
support of tho new in every mode of support. 

Most planlfi that have branchos, but not nil, form in each sluiot 
the buds of tiie branches of that shoot : which eithn' shoot ont tlio sBmo 
yciir, or wait till the year following ; or both may happen in tho same 
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plant, according to the earlincss of the Bhoot.aa in the Privet. Cherry, A-c. 
Others, as the Holly, hnve all their buds growing into branches in the 
Bamc jear. Others, again, ncvex form latorol buds for hranchea, but 
the shoot terminates in a cluster of buda, the outside ones intended for the 
branches, the middle for the stem ; euch are the Scotch Fir and Wcj- 
mouth Pine, which confine their branches to clusters. 

Some Tcgetaliles, as the common bean, would appear to have par- 
ticiilnx places for the formation of branches, or rather of stems, when 
the original stem is destroyed by any acddent, and which places arc 
to bo considered as so many buds. 

Cut off a Rtulk bolow the first joints or leaves, then a now stalk 
will grow out frani the bean in the ground, whith would not havo 
grown if the first stalk had not been destroyed. 

Cut off that new stnik bolow all the joints, and a now stalk or stalks 
will still shoot ont from the same bean. 

Cut off the stalk above the first shoot, joint, or leaf, then a new 
stalk will not grow from the seed or bean, as in the former ones, but 
from the joint, shoot, or leaf below. 

Cut off the stalk above the soconil joint, leaf, or shoot, and then two 
stalks will shoot out ; ono from the first joint, and one from tho second. 

Cut off the top of tho stalk above the fifth or sisth shnot, and tho 
new stalks will shoot from the firet and second, ic. joints, but not 
from tho lost joints, or those nearest to tho top. 

Cut off tho young shoot, and a third will grow out from tho root of 
that, so that those joints are similar to roots or seeds. 

Of OfitnUion and Gcrminalion in Vtgftahlts. — The male parts in 
vegetables for the most part far exceed in nurobor those of tho female. 
1 lun not now considering the seeds as a female part, they beii^ only a 
production of the female. 

The stamens, which are the spermatic vessel and testis, or true male 
parts, aro in much greater number than the styles or fomalo parts ; 
and the number of partieloa of tho pollen, which ar* the production of 
tho mole parts, far exceeds tho number of seeds in the female. 

Tho produce or effects of the female parts are pretty well determined 
with respect to number, viz. the number of seeds ; bnt the produce of 
the mole, nlthough pretty well deti'rmined, yet its effects are not j for 
they do not make a part, but only are to aflect the female port, and that 
Direction is in a good measuro a matter of chance. It is like shooling 
at a bird with a groat many shots, wh^n one woiUd kill with certainty 
if properly applied. 

As vegetables aro every year, or are constantly, supplied with an 
addilion of vegetable matter everywhere on the outeidt, they must 
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have their ports rcsppcting external influonco rcntrwcd crirrv Tear, ntdi 
as tko ports of genoration ; iherofore they may be auil to be alv>n 
young, because the«c new-formed parts are yonng, and it is tlioee joong 
parts that portbim the natural actions of the plant. 

The Hazel-tree senda out its male parts in Augnst and Sepl«mlNt 
on the samo Biunnier shoot, by the ^de of a bud. Is tho ttuJe tite 
Btrongi/et : f . j, in a Palm ? 

To produce BDcd is the ultimate puirer in TCgotatioit. In rogetohli* 
tliero are several stages of perfection. The first ib tho flower, at whkb 
stage the vegetablo may proceed no further; tlie second is the froit, 
whit'h may lie produced, but not with iierftot seed ; and tho thitd ii 
where the whole is perfeetud. 

Wlien a seed is put int^ the ground tlto root cxtnunonlr grvn 
downward tiota tliat seed, although Ihc jioint &om which the nul 
grows is placed upward. Vice irrtd with regard to tJie stem. 

The first growth in a seed ia the root, and then tho stem, mi off 
the root, a new root sprouts out ; but Iho growth of the st^n 
stationoiy till the new root is fit to carry nourishment to tJio [danL 

MoMUrg in Vtgetahiea. — In vegetables we have mon»tcrB ; that ^ B 
deviation from tho common principles in some of the productions, eitlm- 
in form, flower, seed, or colour ; and thia it is which Iiaa produced tho 
varieties in species. It arises more from cultiratioa than nay otlwt 
influence ; and the cause of varietiefl, \-iz. cultivation. hccomc« also Iha 
oauHO of their being preserved and propagated. Their proj>ngst>a& ia, tn 
many, perfectly artiQcial, viz, by budding or engniftiBg ; Imt, whcm left 
to the natund mode of oontinuance, they cither go bat:k to thf origisa] 
again ; or, at least, it is not cortmn what will ho the produce ; b neir 
monster may arise. All our finer fruits are instanew of this kind. In 
some vegetables, when a monster arises, it never dwindles gmdoaOr 
baok into the original stock; but keeps the same, ejicepting nnotbcr 
monster arises, which may be that of the original stock from vheiuw ft 
came, or any other. IJcans, Peas, &o. are changing every day. 

Vegptubloa are much more in our poivor to manage than aninub. 
Thus n phint can bo made a dwarf, it can bo made to shoot strong. It 
nin he mad« tn vary, it can ho made to bear. 

[Loote Notes.'] 

yu, \\a» any one of tho juices of a vegetable the power of convcrttng 
cither nniniul, vegetable, or even earth, to liring vegetablo mnttor, 
similiir to tliat [power in the gastric juico] nf an luiimal ? 

ifriM, To put nff tho flowow of Uie Leek, to seo if it will shoot out 
ntfiw young I^crks than eommon on tliat atioount 
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Hook I. Chap. i. — Intkodpction. 

Pboflb wbo etand up for antiquity, and want to carry ail knowledge 
BB &r back OS the first teaciiers, wliich knowledge really doca not 
belong to thom, instead of raising their character ratlier injure it. They 
arc obliged to strain potntH, wrest meaninga, and collect differeat paa- 
soges of such authors which arc Taont to their purpose; and, after all, 
they make it but Tery imperfect. Now, it the ancients really under- 
stood any piece of knowledge that wo look upon as modem, and if 
their account bo really so dark and imperfect that there is no under- 
standing them without previousiy understanding the subject, it shows 
that they were much more stupid in not transmitting to us intelligibly 
what they know, than if tboy had not understood the subject at all. 
This, however, is not the ancient way of writing ; for, whatever they 
understood themselves, they have reconled it to um in a plain per- 
Bpiuuous manner, which is much to Uioir honour. 

Let us consider how we arc to judge whether a branch of knowledge 
be ancient or modem. First, let a man that knows nothing of the 

' (Tlii« ia, apporontlj. tlie oiillirie sktili^h of IliB anatomical port of ihfl grmt 
work on Compamlivp Anatomy and Physiologv, the matcnaJa foF which forni ths 
nunterinn MiiMum in Ihv Ro,ral College of Burgrons of England.] 
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subject be I^ad<^ perfect muster of the anoioiit notioQ ; ami 
see whether or do his notions are exactly the sumo with the 
if they are, then the ancients understood it ; if the/ aro no(. thok ¥« 
moy conclude that they did not. Seoondly, let tis cxatnino what hap- 
pened irhcn this notion made its first appearance. If it seemed ta le 
new, then we may eay that it was so ; toe we most suppue Uut 
the Micient notion was known at that time; if it met with 
tion, then it was certainly new ; for the opposite must bo to &TtiiD id 
tho EinciontB : and, if it oven mot with a fiicDd, it waa a sign that tl 
was new. 

A man with a sufficient fiind of knowledge, and a cloee appliotion 
to one art or science, will make great improTeaicnta in it though hii 
talents may not bo the best ; or, in other words, ibougfa he be not 
great geniua. 

There aro tlirco ways of obtaining a knowledge of ph^ca, whicli 
differ in an equal proportion from one another. The first and lewl 
useful, is by reading ; which, indeed, ought not to go lirBt, hut to foUtnr 
the second or third. However, it is of more use, as we shall 
the second ; for it helps to explain what perhaps we did not underataiuL 
VThat mokes this [rending] of least use, is that it leaves us to coocein 
everything, none of our other aensea being struck thereby, thon^ it 
comes nearest to what we leam by the sense of Leoring. 

The second way is twofold, ' demonstration' and ' description'.' Hw 
first of these must always attend the lust, but the last may not attend, 
the first, though it ol ways ought to be joined with it ; so that the acMod 
way includes two methods of aoqturing knowledge in one seoM, and 
but one in another. It will be greatly assisted by reading, imd, withoot 
reading, will be for preferable to reading only. But demonatntjon 
ought to be the first step ; for description without demonstratiun >• 
Uttle better than more reading. 

The third means of acquiiing knowledge is by much the beet: it is 
no more than the former two taken together by oneself; that is, (Iw 
a person to be liia own operator and instructor. This is not so canly 
comimased ; for, besides tho faculty of eomprohension, it reqnlivs ifox- 
tcnty of hand, and also some precctling knowledge of the sabjcct. So 
that demonstration is what we should begin with, then manual opera- 
tion, and kstly reading. 

Demonstration shows us matter and its properties. Ifannal opera- 
tions fix these more firmly in our mind, as we are always more att«a- 
tiTe to what we do ourselves than we are to what others do. Aftor 
, such lu u (;iini ti; Uie dcmuDitriior of anatoin 
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that, reading (which is Eke going through the operntiona a second time) 
will bo very uneful ; and, us we get by tho formor a general knowledge, 
wo aj'o now able to anderstand, by reading, what wo did not know 
before, nor could have known without that prcTions knowledge, 

Proffress of the Study of Anatomy. 

Anatomy, or the knowledge of the structure of an animal body, may 
beBnid to be, first, [aciiuired] for tho good of the animal itself; secondly, 
for n variety of purposca which have a relation to that structure, auch 
as sculpture, painting, &o. 

An animal body is to ho oonaiderod in two ways ; one in a mechanical 
point of view, the other as reganls the internal economy. The first 
mentioned is the first to be considered. In the examination of the parts 
of tho animal structure, tho beet method is to begin with the most 
simple or the least connected, and to proceed in that order: for, how- 
ever an animal Iwdy may seem to be compounded, oil its particular 
parts having a dependence upon one anotlier; yet in an anatomical 
MUso they ore more or less distinct, so as to admit of distiact examina- 
tion. This connexion or interdependence is not in aa equal degree, 
Bomo parts being immediately connected with a greater variety of other 
parts than others are. The order or degree of connexion is pi'ogress' 
ive, and will not admit of being reversed ; for, although the second in 
that degree has connexion with the first, and cannot be understood 
without also understanding that connexion, yet tho first may be under- 
stood without the second ; and so on. Therefore, the parts that have 
tiie least degree of connexion, should be first considered ; because, 
when perfectly understood, those which have immediate connexion with 
them wilt be more cosily understood. I am nut speaking of their 
oonstituent parts, but of the whole part as formed ; and of the way o{ 
examining eaeh port as it is compounded. 

The bones, in a mechanical view, appear to be the first that arc to 
bo oonsidered. We can etudy their shape, connexions, number, 
uses, fa., without considering any other part of the btxly. When they 
arc well understood, it will be a great slj>p towards studying the parts 
that have on immediate connexion with them. 

The next thing is their connexion with tho cartilages and ligaments, 
forming the first step in the composition ; these, when nnderstood, will 
give ua the motiona of the bones one on another. But the ligaments 
and cartilages have but little dependence on each other. The size, 
shupo, number, connexions, and motions of the bones having been 
considered, we shall find that they are for the sujiport, shape, and 
motion of parts, and of tlie whole body. 

2v^ 
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The next thing to bo considered is the power or powers of t 
I The mnsclce cannot be eontddered by themselves, but in tb^r de^i^id- 
I enoe upon the bones and tendonn : without which we canaot bring 
ont bU their uses. In their investigation, like the bones, tliey should 
be deprived of everything but what concerns them immediately; 
therefore, fat, cellular membrane, reescls, nerves, glands, £c. must be 
removed. 

The viscera are the nest in order; bnt as the bones, mosclee, Uood- 
vesscls, and nerves are cominoti to every part of the body, and tlie 
viscera, sense organs, itc. ure purtiodar parts, it is usual to procet<d 
with the universal or common, and afterwards with the particttloi' 



The blood -vessels form a step beyond the mere mechanical ports ; but, 
I considering the parts only so far as mechanism is concerned, they are 
I next in Ihc order of progression. For the knowledge of them depends 

I Ihe knowledge of the bones, ligaments, cartilages, muscles, and 
tendons ; therefore, in dissecting them, they should be left in connexioD 
with these, but be deprived of everything else. 

The nerves come nest. They ore a good deal like the vessels in their 
dependencies ; yet we choose to mnko them last, for these reasons: tliey 
are lees understood, are more complicated, more nnmerous. and in 
genera] smaller. 

This appears to be the most reasonable way to proceed from the mora 
simple to the more complex ports : for, suppose we were to invert the 
order and begin with the nerves, we should then hegin with the most 
complex parts, before we knew what dissection was [or had aoquired the 
art], and we should meet, in the attempt, with several parts of which we 
knew nothing, such as musdos, viscera, ligaments, bones, &e. 

Fat is only a luxurious accidental part; therefore does not come 
within tlie compass of dissection. 

The cellular membrane we have not taken notice of; for it is vhat 

we destroy in cleaning the other part^. The best way of undcrstaiidiag 

i by common dissection, its use being no more than a connecting 

I medium to all the parts of u body, and dissecting, in general, is no 

more than destroying this medium. 

Chap. II. — Of tue Skeleton in geneeal. 
I A Skeleton is— 

A passive substance : 

Siutoining or giving support : 

Giving general figure to the parts or to the »hi>le: 

Determining the places or motion of parts : 
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And is composed of :- — 

Animal substance entirely : or 

Animal siibHtati(--e and calcareous earth : or 

Cfilfjareona lairth entirely. 
When of animal subatance entirely, it may be— 

Uembranous, as in 

Many parts of young animiils ; some paria of the skL'klon 

Uclatinous, as in 

Soft-BheUed sea aninialit [Tuui<:uta| : 
CartilaginouB, bb in 

Some fishes : 

Many parte of the more [icrieet (luiiiiols: 
Or horny, as in 

Flying insects. 
The hardest or firmest parts of an animal, whose use in the machine 
is to give support and form to the whole, and atlacliment to the moving 
powers, maybe called the 'skeleton;' or if only to a part, then it is 
the skeleton of that part. Some eonsist of only one piece", others are 
made up of several ptecos, having motion on eacli other, wliich at the 
same time directs and determines the places for motion. 

A skeleton respecting the internal economy of the animal is of no 
use, having no action within itself so as t« influence othera ; it is pas- 
sive, as a wheel in a machine, and must be acted upon. However, its 
use is not so esoontial as that of a wheel ; for wheels make a part of 
the internal economy of the machine. But wheels neither gi\-o sup- 
port nor shape, which are two very essential uses of the skeleton. 

Skeletons are composed of dltt'ercnt kinds of substances suited to the 
necessity; some being extremely hard, others Bolt, yet of sufficient 
firmness to give sugiport, and afi'ord fixed points for muscular ottach- 
ment£. These substances may be membrane, cartilage, horn, and 
bone. The first three ore animal suhstances, the last is a kind of mix- 
ture of animal matter and earth. These different substances are not 
entirely peculiar to partieulor classes of animals i some having two 
lands, otliers three, and probably there may be some which hiivc all the 
four. We find, too, tlmt some animals may have one kind ut one period 
of life, while they have another kind at another period. Some skele- 
tons contain the whole animal, as in the oyster; others are different in 
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this reapeet, in different parts oT the body fas in the tortoise]. 'We 
may obBcrve that, upon the whole, when the skeleton contains the whole 
or a part of the Bniroul, it consists of fewur part*, with the least mo- 
tion on each other. Uf this ehell-lish are the etronf^t instance, odd 
nest the lobster, turtle, tortoise, &c. And even in the quadruped, 
bin], &c., where the bones are in great numbcra, having motion on e*d) 
other, yet we find the skull to accord with the above-stated principle. 
The cuttle-tlBh [Septal Q^ht be cited as an esception to this, for it has 
only one bone for its skoloton, which is not on the outside, and in 
some kinds [LoHi/o] the internal skeleton is a homy substanoe. 

I shall begin my history of the different kinds of skeleton with the 
most simple in regard to use, which may be as simple in n^ard to 
Bubstnnce and constructioE, I conceive that where the skeleton haa 
the least rigidity, it is least complicated in its uses ; and Uiis idea is 
verified in those animals where the skeleton is found to be of most varied 
use. For in those at the age where this part of the animal con be of 
little use, the most rigid skeleton docs not exist ; but only the soft, or 
that which I conceive to be of least use : and as the actions of th6 
animal increase, rigidity becomes more and more re^jiasite or nseftal t 
and the soft is changwl to tiie rigid, as will be observed when on tha 
skeleton of esieh class of animaltt. The membranous skeleton must hava 
the fewest parts; and wo find that the most inferior animals' have onlj 
this kind. 

The membranoQs skeleton is the first, and appears to be mopp of a 
tendinous than membranous nature : it is to be considered nither aa a 
medium for muscular union, so as to give fi.\ed points of action to distinct 
muscles in the flexible animals of the lowest order; a worm may be 
given OS an illustration. Every ring in this animal may bo considered 
as a bone, or fixed point, &om which mnflcles pass to the other Ting. 
The same substance is carried to different parts in higher animals, ao as 
to supersede bone, where it can answer the same purpose ; and mtber 
where no harder substance is wanted, or would be hurtful ; thus tendoos 

I of muscles and hgaments of bone arc to be considered as a part of the 

L skeleton ; they certainly make part of the skeleton of the animal*. In 
e head of the infant, as at a period when the contents are in no dnnger 

I of being injured, the skeleton is only a membrane, tlie function b«iB}; 

I amply that of a containing part : its becoming bono afterwards is to 



• In my hurtorj of luuscli*. in wliich 1 treated o 
ire a> II part of the skdokni than niusclea'. 



' [Hunter bcre refen to lua " Croouian Lectorea oi 
111 oT (lie • Animal Economy." 8vo, 1837. p. 22'J.] 
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Etnswor lhi< purpose of a dotence fi'om external violenoe to the oontainod 
parts. 

As the membnmous skeleton is not etrebihablo, or lins a sofBcient 
firmnese in texture not to yield beyond a. occessiiry extent to the natural 
actions of the animal, and as, in such, the sections of motion ore short, 
a pretty regular form ia preseired; for in every natural action there 
IB such a relationship depending upon it, that no distortion of parts 
takes place, and only external violenoe deranges the form. A worm is 
just as regularly a formed unimal as aay other, although it varies more 
than those whose forms are more determined by [the hardor nature of] 
tho skeleton. 

The cartilaginous skeleton differs from the former in the nature of 
ita substance, as in the consistence whereby it retains its form ; but 
there are considerable differences in the degree of consistencor aud of 
course in the power of retaining form. This substance is introduced in 
various ways, but seldom alone, an wo find in the membranous skeleton ; 
in some animolB there is more of it, and in some less, when the ekoleton 
approaches nearer to the memliranous. Cartilage is used as an external 
covering, like a ehell, as in those [_Salpii, Ascidia^ which I have colled 
the 'soft-ahelled animals'.' 

Cortflago is used in the body of some animals as a fixed point for the 
muscles to Oct from. And as it is not so yielding as the membraoous 
skeleton, it is composed of parts which are united to each other, ad- 
mitting of motion in those parts, and determining with more exactness 
the places of motion ; oltliough not perfectly, as it is elastic, yielding 
and recovering without the aid of antagonizing muscles. These unions 
mostly consist of membranes filling up the space between each cartilage ; 
tdthough in some tho membrane makas a capsolo. 

This mode of introduction of cartilage is principally in fishes ; and in 
some ports of other animals, such as the cartilages of the ribs in man. 
It gives more stability to the shape than membrane could, and admits 
of more variety of shape in animals. 

Cartilage. — This ia semitransparent ; of various consistence according 
to its use ; and is commonly of a determined shape or outline, seldom 
lodng itself insensibly in the surrounding parts. Cartilages are of two 
kinds respecting the power of being changed for hone ; one where it is 
forming the skeleton of many animals only before birth ; the other wbero 



' [Thcj tuumr lo the MoBusca tunicafa of Lamarck and CuTJer. The external 
«kelotun. (hoirii in tli« lIuaL Prep, Pliyn. Serici, Nq. 70, ia a deiwe geUtiiioua mem' 
bran*, nontAmiiig ' ccUuloae : ' not true cartiligc, but FcaombUiig it in ph^ncal 



r876 



AKATOHT. 



it is not, beooming tUe sitoleton of some animals throo^hont lite' J. 
, botli Iduds is a vory imilbrm mass, brcaldug oquaUj- in cverv i 
ITbp one whith is changed for bono is vascular, and when mm 
[cimngwl beoomw more m. tlie«e vessels having now m„« to da* 
^ The buniy akoletoii is tnily animal, and U pla«d priDcipoflTl 
tutaide of ihc aninml, by whieli means it is kupt dry. which rmit 
itronger under tho sBrae quantity of mnttor. In the Jpado-WwS 
[Loliya] ihorp l! a horny or tortoiscshoU blade that rung throtdSSRI 
whole b»ck' : boaidea which there is a rnrlila^ on the antariat NiAl 
the back. In Iho common homy skeleton the miwtles are plaewln 
inside, by which means it bcwmes a compound purt of the animal wi 
Bqaally as skin and skeleton, and ofU-n other pnqjosos. It ia commia 
It not pmiliar to tile insect : it constitntM the tMatlw [rings! or a- 
smal oovering of every flying inseet, to which the muadea aro atUcbtd - 
BSides which it sends inward homy proc^^ses for the fimJier atxath-' 
lent of musclos : just as bones send out prociwsoa for the Game tnavm. 
believe in the insect this substance is almost the sole, liavintr t«t 
jttlo of the ligamentous, and, I believe, none of the cartHneiamu 
[siibstanoo combined with it]. We have no eoneric term for thta wih. 
■ I believe it is fibrous in all ; growing from an end Uka. 
the edgo like scales, according to its form. Bat when j 
Kmply as a cuticle. I beliew it grows from a centre, or all i 
Ige, as in the shell' of the tortoise or turtle. 

The bony skeleton belongs commonly to the higher ordere of amrnnMa 
although it iti introduced into some of tlie lower, where Srmnvm, 
strength and determinate motion, with great viirioty, are wanted 
it IB iiitomal, and of course always kept moist, it is a Btter aabd* 
for those puqMscs than bom ; for horn, when moist, is elnatia 
yielding, and therefore when used is external. Done ia not the o 
[lakcloton in any animal, bat only of the udult ; for in tlio firat foj- 
f any animal, which afterwards ia to liave bone, the akeletoii n 
lembrane or cartilage, which is changed /or bone, hut not into bod 
The gradations of this change are benutifol, When the animaljl 
) locomotion, notliing to support, no action of partn hnt suc^ sg V 
icdiatcly conoom Ufo, we find no bono. Cut as the young animal adn 
farda that period in which it is to take a scope of bodily i 

1 [Hunt Pn-pi- Pliy*. Sctim. No.. 7S. 330— Z37.] 

> (lb. Nos-l-^l— 102. Tim above iinnuulliiioBkdcli of kliiaUiloi^cBlol 

ftiUgo. nh'wh appears not to lioro Leon wrilUiii.] 

» [lb Ho, 77.1 

* [It U lion oiUkI 'ohitino,' hariiig ■ diO^rent mnnpuntion btaa liom.] 

■ [TIu* IB Iruo 'hum.'] 
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beyond its own internal pconom^r, wlicn one port is to act upon and to 
Biistoin another, then nudity becomes roqnisite, and bone begins to bo 
formed in prepanttion for this period. This is similar to what goes on 
in every other part which is to come into action after birth, with a new 
moilo of the continuance of life. Thus the lungs, stomach, intestines, 
with crwy thing relutive to them, the brain, nerves, senses, and ex- 
treraities are forming, from an early period, ho for as to bo useful when 
the animal comc«, as it ia calculated, into the world. The substitutes 
for bone at thosn early periods are cartilage and membrane, but carti- 
lage chietly. And this varies in consistence according to the age. It 
is, at first, almost a jelly, and bccomt« firmer and firmer as the ftctos 
may move upon itself. £ut as it is not wholly changed for bone at 
birth, what cartilage remains is become, hy this time, fit to act as bone. 
Whore the least power of resislanco is wnnted. where no action can 
take place, there we have only membrane ; iind this membrane is only 
to contain, and to allow itself t« be chaiigtKl for bone ; such as what 
covers the brain ; for, while in the state of a ftetus, the brain rcquina 
only to be oovered, similar to the abdominal viscera; but, by the time 
of birth, it wants something more. 

T shall here observe that the cartilage of those nnitnt ilH where there 
is bone, is of two kinds: the one that is changed for bone is a uniform 
mass, hut that which does not is fibrous, and is placed on the t^nds of 
bones, forming tjie cavity of the joint : nnd as it is tor the purpose of 
the motion of the joint, it remains a uirtilogo through the life of the 
animal. The cartilage that is changed for bone is uf two kinds respect- 
ing the time of change ; one is whore the change is complete when the 
animal has arrived at its fall growth, forming what are commonly colled 
the ' hones.' The other is where the period of change is uncertain, 
stUdom until coneiderahly after that of full growth. 8uch commonly 
retain their original name of cartilage, and when they do become bone, 
are smd to bo ossified t such are the cartilages of the larynx, and of 
the ribs or i«tumum. The earth in bones is not to be ci>nsidered us a 
part of the animal : it is like the fat : for it can be diminished or in- 
creased by simple absorption or de[)osition. It is a secreted substance, 
and, 08 it were, thrown out of the machine simply for a mechanical pur- 
pose. It is not reijiiired to be of the nature of the raachino, for it con 
be made up of parts, r. g. niaddvr, tliat are not altered by the stomachic 
process. 

The stone In the bladder, which cannot bo uimsidered as part of the 
animal, is coloured in the same manner as bone : the urine being the 
carrier of the madder out of the blood. 

As those cells that contain oil ore utUed ' udipose membruno,' 
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eeltulai adipoia, I think Iho nninuil parts fif the bone abonld be Q 
* calcoflc membrane,' etUttlcw terratra wu calcareee. 

YouDg bono may always be said to grow, even tho part that seems la 
be already formed ; for at first it is growing longer, thicker and denser ; 
so that there is always new matter odiled ontil it is at its fiill grtntlk 
Bat in the Ml-grown state, it would appear t!ram the rircunutanctf of 
reddening a whole bone by feeding the aoimal with madder, that a 
bone, although complototy farmed, yet is changing its earth, and ft^ 
bably evoiy other part. This effect, however, is much slower than in 
tho growing bone. This would show that the madder does not act u a 
dye upon tho earfh which is already deposited in tlie bone, but only 
upon that matter that ia erery day deposited ; and os there is « gnat 
deal more deposited in a young bono than in an old one in a given timr, 
in the same proportion muat it dye sooner than nn old one. Xbe twv 
matter that ia deposited in an old bone ia to moke up for the wast* tlwt 
is daily going on in it ; but in a very old bone the waste is moic tlus 
the repair'. 

Bonos woTild seem to have but very little sensibili^. This is but 

known in the fractured patoUa: where generally there is no oantanoo, 

no splinters to run into sensible ports, and nothing torn but whiit is nl*" 

insensible. People who moot with suth an acoident, seldom complain 

' pain whon it happens. It is similar in this respect to the ruptura of 

tendo Aehillis', . 

The number of bones should be reckoned according to the nui 
distinct cartilages whieh ossify ; for, in general, whorcrer Xato] 
tended a bone, she first made a cartilage of tho shape of tho inl 
bono. Tet this is not universal ; for I beheve in none uf the Ii 
'Hie head, except the occipital and sphenoid bones, i.s there o 
the others being formed in membrane ; and even in the 
.^Mve mentioned it is only at the union of the ossifications that M 
'Wtrtilage : in their drcumferenee we find the bony rays shootiiiy t 
'into membrane. From this mode of numbering bones, we eco thniji 
bones called ' oceipitole' and ' sphcnoides' are but one bono. Hoir 
general principle, it appears the best ; for we find it almost e 
whore else in the body. Tliorefore it seems improper to give the a 
«f one bone in the adult two, three, or four diiferent names, becam 

' [Thp prepnmlioni nwulting from the mtpOTimoiiU oii tlw grov 
ffos. I8$— 2(J1, Pbya. Serin. Sw lino Iho inDniuir on tlie nine (u1 , 
TsiWM of the Ink Mr. Hunter," TOramuiiLciited !)j Iliinn; lo Itn " TnunaWionsS 

r for tiiu Improntmcnt of Ui.'ctiiiiil and Chirur^;liaU Knowledge," v(dM 
p.277, 17!W.] 

* (An iaiury of whirh Hunter Tiad pononal ra|NiriiMii>>. | 
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wfts formed of two, three, or fovir difForcat ossificntionH. It would he 
much more proper to give the bono avXy one name, as, for iusbLiice, the 
' OB incominatum,' for two reasonB ; becmiso the whok' b really but ono 
bone, and liecauBo it was formed in one eartilflge'. This last would be 
no reason if we found that Nature somotimea formed two bones in one 
cartilage, and that they remained ao through IJl'e ; but this is nerer the 
CB8e. However, wo have on esoeption to distinct cartilage forming 
disldnct bonctt ; for the sacrum is one bone, although fonned in aovoml 
distinot cartilages, these being closely united together by substances 
which readily ossify. 

Bones in young animals are often so soft, that thoy ore not able to 
support the pcrjwndicular weight of body ; therefore they generiilly 
bend; those that soonest give way are the tihiffi and fibulte. The 
direction in which thoy do bend is not constant ; being Bomelimea 
forward, and oft«n outward. When forward, it is generally higher np 
than when outward ; for when outward it is generally just above the 
ankle : but this bend forward is not altogether from perpendicular 
pressure ; the tendency to it is aasistod by the contraction of the muscles 
beliiud. This bend, in the human subject, is produced gradually by 
pressure from above. That it is from pressure or some power applied 
beyond the strength of the animal or part, is evident from the case of a 
young leopard. It was chained by a chain about a yard long, and had 
always a vast desire to go out of the door : in all its efforts to get loose 
it pulled in one diroctioa. pulling with one fore-leg, and pushing with 
the other, by which meaos the bones of the leg that ho pushed with 
were bent outwards, exactly answering these two motions of the lege, 
and the motion of the animal. 

Ossification of the cyUadricai bones is supposed to hc^ like a ring 
in the middle of the cartilage ; and this ring becoming broader, makes 
the length of the bone. But I have reason to believe this is only oon- 
jeoture, arising from what a section of a cylindrical bone would show. 
For in a very young bone we never find the end of it hollow, although 
the middle of it may bo so ; but as the end increases in length, from 
being BoUd, it becomes hollow ; this scooping out or excavation foUow- 
ing the growth. 

Cut off from the end of an older bone the proportion by which it 
exceeds the length of a younger one, and we shall find the cut end of 

' [Hunter, it will be b«e^. failii (O appreriate the gigniHailJon and talae srai^ed 
in horoologioJ anotonij to the dialinct poir.U of oisificalion in Idit immmun rarti- 
bge of the pompoimd bonta wliieh lie ciita. It is intCTCstiag, lioweier. Ut find tliis 
approach lo tbu verge of contridaratiooa whioh have RulM«|uontly cxcrcis^ •» 
Atronglj tho aDalomical mind.] 
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e older bono hollow. From tbis tben wc soe tlutt the greatest pot 
of tho bone b solid, nnd aflorwarda becomes boUuv; thisivfiire it ii 
reasonable to think tluit tho dret ossification waa Bulid, and then beoux 
hollow. 
. Tho bones are such part« that do not grow or inoreiHse in an}' jmn 

lile that part ia eicposed to tho air; theroforo Nutiu-o hus taken eatc 
■t bones that are sound aa eoon as possible [it tbey are \iy any 
accidental circumstanco exposed]. 

Bonce are commonly hard in proportion to their length ; tnr, in piB- 
portion to ihcir length they are obliged to moke the greater resistaim. 
Any lateral bias, wrench, blow, iie. more easily bruaks n long bone 
than a short one. It in all cases acts with n longer levur. 

Animals whose bases of supiwrl and motion are formed of harf Bod 
solid parts, have tliem so joined as to allow of motioQ botwccn thorn ; 
which joints, in the forrontioa of their parts, are bo related to tbo apjili- 
ration of tho powers of motion, as to eonstitnte what aro colled Uu . 
mechanical powers or levers. A lover has tbc moving power, the eaakMd 
of motion, and the rcsistonco. And as these may be so placed vith re^^^H 
to each other as to vary their relative position as much as tbrv« niu^^^l 
con, BO are the joints in on animal variously formed. The joint O^^^l 
foot npon the tibia is of all the three sorts. It is a lever of tJii^^H 
kind when we push anything with our toes ; of the second land )^^^| 
wo raise anything with thom ; and of the third when we raise oor^^^l 
upon tbcm. ^^^| 

In mechanics, without resistance there conld be no such tlii]^^^| 

motion ; but in animals, where there is a solf-moving powor, tU^^^I 

it without any resisting point, Bat this self-moving power cnniri^^^l 

Bplied to other ports, even in the animal, without a Hxed poi^^^^l 

Kowevor, these self-moving powers, by their simple a^^^H 

ilitbin themselves, may produee immediately tho ofTect, witluMil^^^l 

int resisting more than another; as [In the instance of J a i^^^| 

mply contracting and brining its two ends together, or oootraj^^^l 

laterally, so us to push itself out, by which means it is elongated i^^^l 

n here the one half of the worm may bo said to be tho fixed {^^^| 

or point of resistance to the other; but n worm can fix any part O^^^H 

ady to whatevur it lies upon, and move towards that point. A (un^^^H 

Bcle would ap]iear to have no fixed point, only the power of oont^^^l 
Ion. or shortening ttsolf ; and from the figure tho musule i> tiutj^^H 
blto. it produces ite effects : ouch portion twcomes a fixed point ta^^^| 
other all round ; thordi>ro every moving bo<ly which acl« mochanJa|^^^| 
acts from some resisting power which may he colled llio fixed poin^^^| 
^Antro i>f motion, llut nninmls, more esiiecially tho compound 4^^^| 
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having a number of joints or movements [of parts of tho ektU'ton] on 
each other, have so many fixed points ; the larger portion becoming the 
fixed point to the smaller ; untU, at last, tho whole body has its fixed 
point, or point of rcRistanco to move upon. Animala that move upon 
the earth, have that for their fixed point ; birds that fij have the nil' 
for their fixed point ; and fishes have tho water for their fixed point. 

fieeidcs these general fixed points of motion for the whole animal, 
each animal has a fixed point within itself &nm which tlie parts of tho 
body take their principal motion. In the human body this fixed point 
seems to !« in tho joints of the tliigh-bones ; and being in the middle 
of the body, it must lie common to the extremities ; therefore we see 
that the tntnk cither moves on the legs, or the legs on the tmnk. 
Besides this tlierc are an many fixed points as there are joints ; so that 
tho body is to be looked upon as a chain of joints whose general centre 
of motion isin the joints of the thighs; hut each has its centre of motion, 
which is always on that aide nest to the general. 

The greater the motion in any joint, the less nice it is ; therefore, 
where correctness and nicety is wanted, the parts of motion are divided 
into smaller movementH ; as, for instance, the bones of the fingers become 
shorter and shortor towards their terminations. 

Of the Spine. — The spine in animalfl is that which is the basia of the 
whole body, on which everything is built. It gives support to tho 
whole, and may be said to be hke the keel of a ship — tho first thing 
laid down, from which the whole auperstmoture is to arise. From its 
great length, it is necessary to have motion within itself; and, as it 
would be improper for it to bend at one part snfliciently for the required 
motion, more especially on account of the ribs and viscera, it is made 
up of a number of bones, that it might have an ensy motion through 
the whole : this also protects tho spinal marrow from being hurt hy too 
quick a bend. 

The other joints have no parts save for their simple motion ; but the 
trunk has a great many, which prevents such motion. 

The spine is straight in a fore view, because the two sides of the body 
are dniilar parts ; but the back and fore ports not being similar, tho 
spine is bent accordingly, to be able to support the different weights 
applied to it. However, this is observable principally in the human 
sulgect, owing to his erect position. That part of tho spine to which 
the other 4jon<« of the pelvis are attached [the sacrum], is commonly 
nearly in the same line with tho rest of the ohmn of bimes ; although, 
in most, it is a little bent so as to give space to the pelvis ; hut in the 
human it is thrown fiirtlier back, in order that the thigh-bones might 
be brought perjiendicularly tinder the spine, and at the same time the 
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cavity of die pelvis not at all (liminiBhed ; boUi could not haie itt 
done in any otLor waj. 

The cunal of) the spine is largest in the ii«ok and loilu'. H 
answers tiro purposes ; first, it allows a greater motion in those p«r 
without the medolla being hurt ; secondly, it niokea the parts stnwgi 
with the same quantity of matter; this is moat r«msrkabl« in d 
loins. 

In man the crooks of tlio spine vary in diftimmt p^irta, at diflem 
agea, of the same person. In tlio uhild it is nioet in the badu M 
is backward ; owing, perhaps, to the weight of hoad ; tn the adnll it i 
as muuh in the loins and is forward. This, perhaps, is owing to tt 
weight of the thorax and head, and tbo loins being thu moat moreaU 
part. 

The ligamcntfi botwecn the vertcbne are stronger est«ntally in m 
portion as they are rvmoved &om the centre of motion. 

The trunk is made up of three parts, the head, thorax, and pdvi*- 
all at n distance from one another ; and this is cununon to all qni 
drupeda. It was necessary that these parts should have motion - (ban 
fore they are placed at some distance from one another, which t yfk n 
the necessity for the neck and the loins. 

The back-bones of animals differ Tciy much respiting molion, am 
especially the degree of curving; tliey might be divided into tb 
straight and curved, Hoiscs, elephants, rhiaocerosea, and 
quadruped'^, which only stand or lie. have spines of the atrnit{bt kini 
However, there is a gradation between the straight and tbu , 
spine. The curved or bcndible spine belongs to those animulB 
can at, either upright as in man, or bowed forward ; tlia monkey, 
dog, &c. forming the gradation between the one and the other. 

Animals that have very long bodies, and are small*, gvnerallf bava 
their backs bent upwards, archways : the nse of this mtiat bo to 
port the body as an arch is supported. 

In quadrupeds and birds the ilium is a long bone, situated nenrlr at 
right angles with the thigh-bone, crossing its head like the upper part 
of the letter T; giving origin, along its whole sweep, but principAllr at 
ita ends, to muscles which flex and extend the thigh-bone. The mM^H y 
part of the ilium is so near the jmnt as to give but a small surface br 

' I Vide tit. Hmi7 ICm-Ip'i paper thtrtj jtan afWr Mr. IlvuiUr's cIhUi. for IU» 
nnslo fkil, PiiiJ, TrmiB, \»Jii or 1H2.'!,— W. C. Mr. Eorle abo irganlea tUr «. 
pansion nl the Ito im<ia(/( 'lie ni'urnl ciuul In Iho iimk-TvrU'bnu uf birdi oa u> ini> 
portAiit riemnut iif lil* pupcr.— R. O.) 

* [See the Bkrlelon of Lhe niixrt«n {MuitiU Afartrf], No. liSS. and that tif (|w 
sable [!H'uieel<i nArllma], TXo. 4108. UuDlsnan OtUnl Hvne*.] 



museiilar attachment; thereforo Ihore is produced bnt little lateral 
motion. Tliifl pofiition and formfttion of the Uiiun with reaped t« the 
tfaigh'boae is remarkable in the hird. 

The reason for the great difference between the Bhape of the pelvia 
in man and other animals, is to give a circular sweep of origin to the 
musdcB of the human thigh-bones ; the pelvis being adapted to this 
purpose by the circular npraading positiali of the iliac banes, making 
a cone, the buae of which expands over the thigh-bones. The aceta- 
bulum is to be considered as the apex : it is placed laterally, looking 
downwards and outwards, and ^vos a free scope to the motions of the 
thigh-bone. This position of the bone obliges the thigh-bone to be of 
a peculiar shape ; at first it comes out nearly in the direction of the 
cone, forming what is caUed ' head ' and ' neck ;' it then bends down so 
as to give the legs a proper position for the support of the body. 

This position of the head and neck gives prinripaily a rotatory 
motion, upwards and downwards, which brings the body of the bono 
outwards and inwards ; go that the rotatory motion of the bead and 
neck, joined with the up and down motion, produces the conoid motion 
in the body of the bono. 

The body of the thigh-bone makes with the neck nn angle of 56°. 
This angle confines in some degree tho motion of the thigh : for, on 
account of it, the body of the bone bos not the quantity of motion that 
the neck has ; or would havo, if tho neck were continued out in a 
straight line from the body. 

The perpendicular column of the leg of a fowl is thrown under tho 
centre of gravity [by the forward bund of the femur]. For, although 
the joint of the thigh ts not, that of the knees is, under tho centre. The 
thigh'bone is supported in that obhque position by muscles. 

The scapula and clavicle generally move together ; but sometimes the 
scapula moves without the clavicle. When both move tc^thcr, thej 
may be compared to a pair of compasses. 

The motion of the wrist is chiefly fiexion and extension: the flexion 
is between the radiiis and first row of the bones of the carpus ; tho ex- 
tension is between tho first and second. 

The metacarpus is to bo considered as the first set of bones ; for they 
make the basis for tho others to bend upon. The second set of bones, 
or first row of the fingers, becomes the basis of tho other two ; and the 
second row of bones of the fingers becomes the basis of the last of all. 
In proiMirtion as these bones tiecome Ghurter, they describe, in their 
movements, tho section of n smaller circle. The tails of some animals 
ore ronstmct*d upon this principle. 

Of lAnamrnU. — Ligaments are parts oommonly eorapoaod of strong 
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materials which are flexible. Their Btrength has to be otpttd U 
accidental force applied, t(.>nding to dislocate the partd wliiob they n 
Most of our muselfa, with their tendons, becomo, iiidm.il, |iriuei{Hll]r 
the ligaments in the motions of the joint, arising from tbuir own acdaa. 
But every joint is not sufficiently surrounded with muscltw and Undont 
to guardit in every direction; therefore it must have ]igami?iilsa8tt6ubat)- 
tute. The thigh-bone at the ifiiion with the pelvis, and the humerus at the 
union with the scapula, are so Rurrounded with muscloa chat it is bATdbf 
necessary for them to have ligtuneDts, excepting to retfuii the svaa<nA, 
However, as those large joints are subject to wmous motiumt, not pro- 
duced by the.ti' muscles, it was necessary they should have lij^uinunti uT 
some strength : although those are not always equal to the force of soJi 
motions, which arc i^omraouly colled accidental. The lig«mcats of jutaU 
arc inserted ot a distance I'rum the moving ]>oint, in a proportion njoal 
to the quantity of motion, which motion ia always from the rvocttvd 
hone, viit. the thigh-bone and the humerus. It is equally so ia tbe 
ginglymus and conoid joints ; for, in the ginglymuR, the ligamvoi it 
inserl«d at a great distanDO team the point of motion on the flexing and 
extending sides, but is much nearer to the lateral, and in the true 
conoid the ligaments are inserted at equal distances all round. 

The vertebru) of the (juadruped are never, in any action of tho ""im ul, 
in danger of being pulled asunder, but they are liable to be brolutD 
asunder; therefore the iininn of the t»-o is such as is a hindrtinco to 
their being broken, the strong part of tlie union being exterior, uni Um 
weak one in the eontro. 

Tho simple motion ia every joint is tho sliding one ; but trota tbe 
difference in the articulations, and the dilferent directions of the banco, 
different effects are produced, which have given rise to different claawa 
of joints, and of course to different names for them'. 

[Practical Anatomy.] 
Of the Arrangement of Anatomicnl Preparations. 
Paris of animals are often so combined, in their connexions k\A asM, 
as to make it impossible to separate them so as to make a series of 
anatomical preparations, perfectly classed according to their tisea oalj; 
the vesica urinaria, r. g., is connected entirely with tho kirlnejii, oa to 
use ; but is 80 oonncctud with tlie penis, &c. as to hitiiation, as to malu 
them inseparable. Tlie urethra lielongs eipiolly to both. 

' (The wort had not procBodod Wjonii Ihe iwconi) ohii[il»r. The fnllowine *" • 
BiipplmnenMl one on prnAJral anntuniy. nr the *H of mnking snd u-RMginj{ 
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In Iflrgci animals we are obliged to have recourao only to parts to 
moke preparaliona of, and for convenience ; but in small ones wo are led 
to preserve the whole, and pjipose as much as possible ; which breaks 
in upon the arrangement end claasing of apeoimens : but it is some- 
what like nature beiself ; one property belonging to more nnimftls than 



On makinff Anatomical Preparations, by Injection, ifc. 

TJui proper house. — A skylight is very improper; a aide- or front- 
light should ho preferred. 

The proper place for keeping Preparations. — Both wot and dry should 
be kept in a eool place. If on a ground floor, and towards the north, 
so much tho better ; as the evaporation from the wet, and the throwiog 
out of the wax from tho dry, ut cut parts, will bo liws. 

The proper nihjeelt. — Animals which havo been bled to death are 
not GO fit for minute injections as those which havo died a natural deatli, 
because the vessels contract to adapt themselves to the quantity of blood 
contained in the body while bleeding ; and all the muscular parts con- 
tract after death ; therefore, if there is no blood in the arteries, they 
will become almost impervious. In such cases, steep the parts for some 
lime till a spocius of putre&ction begins to take place. The parts 
should likewise ho gently squeezed, to relax the muscular contraction of 
the vessels. These two last circumstances should be punctually attended 
to; for if it is a part of a newly dead animal, it will not allow tho in- 
jection to go BO iar as when the animal has been dead some time : but 
great care should be taken not to allow putrefaction to go too far. 

Parts of bodies that are to be injected and shown in thoir natural 
form, should bo parts of young and healthy subjects ; as they will be 
less altered from their form than by disease, and the vessels will better 
bear tho injection. If possible, tho water that preparations should be 
steeped in should be distilled, for it preserves animal bodies above six 
times longer from pntro&etion than common water; and by this moans 
tho parts will have time to become more free uf blood, especially thick 
partfi. If not distilled, it should be clear and often changed. If the 
part he suspended near the surface of the water, so much the better, as 
tho part n-ill not lie allowed to soak iu its own blood, which will gravi- 
tate to tho bottom. 

In all injections use a pipe as largo as you can get into the vessel, as 



' [The (li^reo in which Hunter ovcrconie tboie impcdiraeuta in oarrying out hig 
grml iii'-'H ota p}tjao\ogical oollcdion of Miatoiuica] prepHrntions, may be ntimated 
by B study of thai put of his niusoum MiiilAiniiig hit dUiKvtioni o( animiilBor eTery 
clan, nnd of pUnl* : or ot ita Catalogue. • PhyMologi™! SCTies,' 3 toU. Ho. 1833- 1840.] 



it will allow the injection to move in a greater ccdamD, 
end trill prerunt atagnalioQ. 

Where a vesaol is cut too short to fix a pipo in, In lite commoD VKy, it 
is proper to pass a couple of pins through the mouth of tho Tnsrl, 
troduL'e the pipe between them, and tie the ligntnn? below tlw piniL 
Thix also becomes more ncceesnry whore the vef«cl bears a large altv in 
proportion to thn pipe, as in the vena cava hepatic^ of an ox, dr- 
phant, itc. Also, where we are obliged to inject cavities &oin lUe wifc 
of the cavity itself, — aa tlie urinaiy and gall -bladders, veeicolic seuinalai, 
often the heart, and sometimca a laigo artery that has only bctm p*r- 
tialty filled, — pins umy be useii, as in tlie case of Tcsacls which «* oit 
too abort to be tied up in tlie common way. Also, where there is a hcJe 
in a cavity, as in the bladdiT, or in an artery or vein, the jans can br 
used with advantage. 

Of Sffrinija. — They should not be too long and smoU, as they will 
cool the injection too fast : nor too short and thick, for they atv thea 
veiy inconrcttieut for many purpoBes, as injecting small parts, &c. Tli«XB 
should bo two seta of Byringce, one for oily, and the other for wMttj 
injectiouB. fi3Tinge8 are, in general, too large. In injecting mintiteljr, 
care should be taken that no air gets beforu the inji^'tion ; to pr«rcnt 
whieh, before you lix the syringe into the empty pipe, [wur some ofthp 
injection into ihe pipe till it is full, and then fix the syringe. Pttsh tho 
injection pretty quickly at first, until the vessel is full, and then gently, 
to prevent eslmvnsafion. 

Of Injfctians, ^.^First, injections, with regard to subtleness, kImmiU 
always be fitted for the purposes intended; secondly, the natnrfi of the 
injection to answer the design ; and thirdly, its oonsistenee sliould be 
conaidercd, both when it is hot and when cold. As wo generally iM^e 
more at once than is used at one time, heating tliiekens aud hordena it, 
and therefore its consistence must be tried every time before it i« uaed. 

Borne injections require much more exactness in this respe<:t lluut 
others; in corr«ded preparations we cannot bo too nice in this nespccti 
as tho injection is to support itself afterwards without any cents of 
vessels. 

Comtwn Tnjettion. — The corroding injections ore too hard fur tnaiiT 
purpoBcs, and the fine ones too soft; therefore we need sainothitia 
between them ; '. g. — 

R. llestn, 5ij, — Tallow, jij. 
Colour q. B. ft. Injectio. 
These wo generally uao for parts to be dissected, its legs, arms. 4c. 

Oilif InjeriloM. — Thww are maile of many kinds, n» 01. Terebinth., 
bog's lunl, tullow, &c. Tiie 01. Tcrobinth. is rather t.io thin t.f itAelfi 



INJECTION BT VEINS. 3S7 

but when joined with tallow two parts, lliey correct each other, aa the 
one is too thin, and the other rather too titick. Butter or hog's laid 
make of thetnaolvos prottj good injection. 

Watery lajectioM. — Olue dissolved in water alone makes a good 
minnte injection. Before you dissolve it by heating it, ateep it in 
water twelve hours ; then heat it gently till the whole is dissolved ; nftor- 
words strain it and drop some of it on any cold substance, and yon will 
know its consistence. When it is somewhat thicker than common jelly, 
it is of a proper consistenoe. * Size ' is better than ' glne ' fer white 
injection, being clearer. Isinglass, prepared in the same manner with 
the preceding, makes an injection similar to it. All fine injections 
require more colour than coarse ones ; for, as it is to run into much 
smaller vesseb, it often becomes more. and more transparent, and there- 
fore requires such a quantity of colour as to render it opake when it is 
most minutely diffused, either in very small vessels, or on any enrfuee. 

A watery or spirituous injeution is best for injecting thin parU that 
ftre to be dried and rendered transparent ; viz. all sorts of membranes, 
and such parts as seem to be membranous when dry, as the stomach, 
intestines, &c. 

Prepanaif parU to he mjeettd for VeiiiK. — We can only inject the 
large trunks of veins io the extremities ; for when we put a pipe into a 
vein and throw in our injection, it in general only passes in a straight 
line from that to the heai't, for at the entnince of other veins into this 
vein there are generally placed \'alvea whii:h keep the injection in a 
straight lino to the heart ; und if these valves are not sometimes exactly 
at the mouths of collateral veins, yet you will generally find they are 
within an inch of it, so that you have only so much injected. However, 
on the fool and hack of the band the veins tn general form an arch on 
both sides, and we have all the veins arising from this arch injected ; 
but stiU this would not inject all the largo veins if there were not 
other communications between the veins of different parts ; but we find 
that a vein on one aide shall send a canal of communication t^) a vein 
of the other side, which canal having no valves, the injection passes 
&eelyr and injects the veins of the other side. 

Warm water should bo injected into veins before injection, for two 
reasons; first, to warm the parts; and secondly (and indeed the most 
material), to wash out the blood, especially if the injection is of a white 
colour : and great core should be taken that all the water is squeezed 
out before you throw in your injection, or any air that may be in the 
reins; for these often make intemiplions in the larger trunks. One 
wonld imagine that the air, water, or blood wmdd he carried along the 
wins before the injection, and would he let out at the groat trunk of 

2 c 2 
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Uie vein or at the hoart, if it wan a whole body -, but pracdoe bIupws ■ 
the coQtmiy, and it is uusilj to be aceountod for ; viz. Uie small Tdl 
that you put your pipL- into in not only to inject the vein leading ftuai 
that in a etnught line, but to inject many collateral ones. Saw, tf 
there bt- any uir, water, or blood in any of the collateml reins, that nr, 
ie. will be carried on towanU the large trunk before the injectiun ; bat 
the injection will by this tinie have got into the large tntnk beyond tlw 
moiilb of this collateral Tcin, by meuns of the vein that led immcdistijr 
from the pipe. This air, iic., then, being thrown into the large tnmk. 
where there is injection both before and behind, it must make an tntcT' 
ruption at that part ; but the intermplion will not rest here if too 
contiiiue to throw in your injection, for it will be carried fonrajd* tf 
the succeeding injection, and it will at the same time forward the ooltann 
of injection that is before it. 

Now that wo have explained the cause of one intermption, wc eaa 
easily see how many may be formed, na there are more than one coUaUnl 
vein. One would remedy this by throwing in the injection till all 
those collateral veins have communicated with the common trunk, ami 
lotting the injection ran out at the other end, till the lost int<nTn]itioD 
had come out at the end of the vein, and then tie np the end to keep 
the succeeding in ; but we cannot alwaj-s throw in so much injoctioa 
by such a small pipe as one would in such casee ; however, wo always 
leave the end of the groat voin open till we see the injection come oot 
by it. 

When the veins of & leg or ann are injected, they ehonld not bft 
handled or compressed while the ii^ection is fluid in them, but shcnld 
be hung uji by their ends that are next the body. Tliin will prvvvnt 
the injection from getting out of the smaller veins into the largo oan, 
becRUHC the valves will not allow it to return again, and of couree wfll 
become empty. 

The gravid uterus should be injected by both veins and arterica at oaa 
and the sarao time, so us to have them run nearly eqmd wlu-n; tbo 
plnccntu adhered. 

Of CoTTuded Preparalions, 

The whole oJi'nir of injecting for eorrosion, or making cDrrodad pi«> 
IMiratioiis, retiuirca more attention than any one other method of mnkltlg' 
tmatomical preparations. They are always intended for the oonumni 
distribution of the larger vesseU, aud therefore in parts lliat cannot be 
dissected with any degree of perfection nr actnimoy. .\a the cuumal 
purls are to bo destroyed, and only the bjeetion saved, the injcctiua ia 
only to be eonsidered as a cast, and the vrMH^U tlie mould -. therefoi* 
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the great concern is the jierfectness of the cast, and the goodness of ita 
coQBiateno tor such purpose. 

The substances for this purpose might be as Tanona bs any other in 
the art of caatin|;, ii our moulds admit of it. We might have casta of 
all the metals or imy otbor substance that admits of fusion or fluidity 
in any way, and afterwords becomes solid; but suuh is the nature of 
muet of the animal moulds, that they cAunot support a heat sufficient to 
allow of carrying this art to any great length. 

The purta to be injected are the first consideration. They must bo 
estremely sound or free of all disease, and thoy should bo voij fresh 
or free firom putrefaction. The parts to be injected should be taken 
out of the body with great caro, so as to have the principal trunk or 
trunks of the different systems of vessels preserved for the Siting the 
pipoa i for few porta that are injected for corrosion anastomose so freely 
OS to admit such injections to pass from one branch to a neighbouring 
one ; therefore there will bo no more injected than the part to which 
this vessel went or supplied. Besides preserving the principal trunks, 
it gives distinctness to the different systems of vessels, and an elegance 
to the preparation. The different systems of vessels or cavities are to 
be considered, by way of a leading step to the different coloured in- 
jections. 

The injection is the next consideration, and as it is wholly a piece of 
art, and the only thing which is to be saved, it becomes an object to 
i^ny it to the greatest perfection we can. The first property of an 
injection is fluidity at one time under certain eiroumstances, and solidity 
at another. The nearer a substance can be bmught to these two states, 
the more it is colcolnted for an injection in tliis respect ; bnt there are 
many subetoncea which have these two properties to a great degree, yet 
the circumstances necessary to bring them to such a stato may moke 
them ver^' unfit. 

Gvery injection for this purpose owes its fluidity to heat, aod its 
solidity to cold (excepting plaster of paris), therefore the degree of 
fluidity necessary, and the degree of heat the parts will admit of, are 
the things to be considered. The degree of solidity when cold is to be 
regulated according to the degrees of heat of the atmosphere in which 
the preparation is made or to remain in ; for there are many substances, 
such as many of the metals, whose heat when fluid is by mneh too great 
for on animal substance, although very proper when cold ; wtiile there 
b another metal, Ti2. mercury, whose heat in a tinid state is very proper, 
but whose solid state is not to bo procured by the heat of the atmo- 
sphere in which the preparation is made or to remain, nor indeed by 
any cold we are capable of producing. The degree of heat of an injec- 
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> will b«sr wittioat altcni^ 
it» tmctiirB, or at k—l » tij Btde : M>d the nurr fluid it ism Uiiacksiw 
of hert.j(A>aawah»i^ LiLUl itgnt ot •oliait.T in b heat u( 70" «r 
80°, the gnaiett heat of dw c£bkI* of Graat KritBiD. it is m br 
pn>i>er iBJoctian. AnoOker pn^wftr irban oold, besid« soUdltf, ii 
tmuutity ; for there uv man; soMamtee nUcli, whim coU, twoomcnfjr 
liritUi', nnd wtU not bend or jieU bi p^noro, which Kodets tJM»p 
unlit for CMts of tliis kind; nor dionld they he ntch as willi 
Iwionty hi/ time, which ia an rflect vinBg fivm most flabsl 
iiit< volntilo, therefore bto bad ingradientB in soch injc'cttoDs ; 
in Nomo ousm they tnaf be admitted with admnti^rc, as will b«~ 
tionod. Injci'tiims for such purposes shoold bo such oa do not i 
ilintrly tK<u(imo Bolid upon Iwing exposed to cold, or at least tfaat dtfjna 
iif huiit that the pnrt can bear irhich is t* be injected, for then an 
many HiibntAUceH thnt can bi< made very tliiid by hrmt, bnl in tlw dcgiw 
itf 110° bi>romi.^ immediately solid. Wax and tallow are of thi« kiad. 

A> it will vnry olWa happen that the Komxlin; injeelitHa taa; m 
taiVK Riinntcly in Home tssscU than others, it be>cofne« oittxtmny Unt 
WT nhoiilil 1mi oblc to ndopt oiir injections to the various porpoMM. This 
will iu grncml trim from tlic smallnEes of the reeset, in pr«portiaB to 
(!■ li'ititlh, which is to be injected. If it ia a part that has avrenl 
yi»m>Ik. unuiP Tury hirgo, anil others very small, as in the Unr, the 
Uiyv, vli. tlio VNin portiLnim and vena earn. «hould be injected with 
Rnn iivjoittun, lu n Ktipport to the smnll, nnd tbe ^mnll vvoscls, vie Iha 
Alt<>rr nnd iluet, may be itgected nith a softer injection. 

Wax, nwin. iHTpentine vamisli, and talluw. in proportiomi aocardiiv 
(i> Ihi^ ktihl iif )>n-pAmtiiHi, form the menstruum er body of the iajectian 
Aw tWM\iu|i. whi^n melled, the nHguirod uJour. 

Ttw> i1|cl>l »>u«t*li'ney itf iiur injtvtion may bo known by dropping a 
Utiti-uf ll, when nieltiil, into oold tviiter; and when soft^ fonn U into 
Ihv *h«|w »f a vi'<Mn<l. and |>ut it into tho water aigaia : when quti« oold. 
It) hi- h-H<( ll. If it Itimkn. it in too liurd ; if it benda very cosily, jt i» 
hMt Mfl. ll wiu>l \f nf Hutli a imnsintcjiee as not to bend without aonw 
ftkni». If tl hn«VR. Itieii juu may W certjib that there is loo mntJi 
wax I (h*^"*iiW "i>me rw<in nud |Mrhnpii a little Uillow should Im oddml. 
\t U \^ \^ "tn, Ihou natnn mure was should be added. TboMi tJiat 
ha<l« the 1iir)t<MltJiie rarnish, the Vimioo turp., or oil of turpi-utinu in 
HivW, W**i I"' tritJ evory time thry ore beated ; beeanse they Xonv |)ait 
tJ lht»ll W'iMlte oil, nnd heitmie too hard and brittle, and thenfurv want 
lU) mtitlllMll It* \'\\f of Ihiw iii;rMilienI«. 

IV'lAf ( S>A>«f«,~l\> Ihiwi iiiJoctioiiH udd ns mnrh colour tut maitt» 
rtwmt t^VMl iif a propw bright colour t'l tli- . .■.■ Tl...- ..'.'nontllv i--^; 
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ore vermilion, king's yellow, blue vorditor and flake-whito. Others may 
bo used. Tliey are in general to bo miicd with tlio injootiona wlien 
melted; but there are some eicoptiona to tliia rule, particularly with 
regard to the verditor, and in aomo mcaaore to the floko-wtute, for they 
both unite (at least in part) with the injection iihemieiUly, and elier- 
resce ; to prevent which we find it necessary to melt some of the 
ingredients alone, and add the colour to theee before the others are 
added. The following eAjerimenta will particularize these exceptions, 

1st. Bine verditer with tallow alone causes no fermentation, 2ad, 
Blue verditer with wax alone doea not furraeat, 3rd. Blue rerditer 
with resin does ferment, thorefore mis the verditer with the tallow or 
wax eitlier alone or together, and afterwords add the resin, which cuusee 
a small fretting. If you uae 01. OHvar. instead of tallow, use it in mixing 
the colour as yon did the tallow. If, instead of tallow, yon use the 
turpentine vamiah or 01. Terob., mix the oolonr &rst with the melted 
wax ; then add either of those ingredients yon intend to use, and then 
the re«in. These observationB are equally apphcable to the flake-white. 

When we make a white injection, instead of the yellow wax we use 
the white ; it will not even then he of a good colour, ludess we load the 
injection, and make it pretty thick with the colour. It would seem 
that wo have not yet any good green colour ; but tm blue and yetlov 
moke a green, blue verditer, added to yellow wax or resin, gives us a 
&ae green. 

Treatment of Paris after heitig injeetid for Corrosion. — A part that is 
injected for corrosion, whose figure alters by taking it out of the body, 
should be put intt) its natural form when put into tlie acid, and into 
such a veascl as is best adapted for soeh a figure. The distance of timo 
between the injecting and the putting it into the acid, should be just 
when the injection has taken a solid form, which it will do sooner or 
later in proportion to the mn of the preparation. K it cannot bo put 
into the acid before the injection is quite eold (from the want of aoid), 
tajfe care that you put it into the vesiBel it is to be corroded in, that it 
may take the right shape, and afterwards you may add the acid ; but 
if both theee rules should bo neglected, and it is allowed to cool in a 
wrong portion Irom its natural one, then it must bo put into warm 
water till tlio injection has actjuired that degree of sofluess as to allow 
the part to take its natural form in the vessel it is to be corroded in. 

When you inject a part for corrosion in the summer, you must put it 
immediately into spirit of aea salt ; because it will soon begin to putrefy, 
by which means the veesels will be cither broken or bent by handling 
afterwards. 

Of uiashln{f ParU aftce ikey art corroded. — After a part is sulHciuntly 
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ooTTodcd, it is to be uleonod by poiuing water trpon it. This U W 
dono by pouring it tn a gentle strenm from a tea-kottio till it «a» 
quite dean, yet it will bL' afterwards necessary to imincrac tt in mitt, 
and move it protty briskly, by wtiicli means you wiU be ablo Is nk 
off a great many smiill pieces of its subatance, and small pieces o( tirokxa 
brsDchcs that wero entangled when out uf the water. 

Of Dry Preparations. 

Wliilo preparations are drying that are oltcrwords to be mniitlied.it 
is necessary to hare the parts so disposed thnt ererj- pail may nudly bf 
tuutJied with a hniah ; fur, if this is not attended to, it will wry iiAa 
bappim that thc<rc will bo (»mers and interstices which it is impoatUi 
to touch, but which were cosily to have been got at or lixpoMii) vhta 
dissecting, hy the flexibility of the porta. If preparations could U 
dipped into vamiah, it would answer better than any other mfttbad. hot 
that can hardly be done with large preparations, such as n whole bojf 
for the blood-vessels, nor even with a leg or an ami ; and, iDdn-d, tbcK 
are the preparations which would require this attention moet. 

Preparations while drying should never be allowed to &vcm), fbrio 
that operation the air is let loose or collected into larger parcels, wbicb 
does not diffuse again in tliu thawing ; therefore n vast number uf small 
ca\-itii» are formed, and of course a vast number of reflecting sofftoM 
like powdered glass, which takes off from the trnnsparoiicy of ih« pm- 

A part of some conBiderahle size, such as the testiolc of a horso, Ae, 
which is to be dried, especially too if it ia in the snmmu', shuuM bv 
particularly prepared for that purpose, independently of tlie expuMtian 
of it« ports. The artery should be injected with water till it tvtunu 
by the veins, and made pretty clear of blood, for blood firet tentU to 
putrefy. These should be injected with spirits of wine only, if jt U 
aftonvards to be injected with a watery injection ; but if to be iajcdMid 
with an oily injection, it should be injected with oil of turpentino after 
having been injected with spirit, and then it may bn injected with tho 
intended injection. The spirit coagulates the juices, which (b oob 
method of preventing putrefaction, and permits evaporation. Tho oil 
uf turpeatin? also prevents putrefiietion, and permits evnporatioa. 

Cahwrs for dried Preparation*. — Those preponitionH thuL urn to bo 
dried, such as stomachs, intvetines, membranoa of any kind, imd noie 
repocially such us are thiek in auliatanco. snch us lioniU, feel, Jtc. citfaer 
for tiiqwntine or not, — children for the blood -veasols. mii«uli«. uima, ^m, 
— in short any prcpamtion that ia to be dried, GBpeduUy tliow Uint do mrt. 
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dry vory tnuisparont and of a light colour, — should be injected with 
vermilion, if wo use red, for vormihon is the lightest red of any that 
can be called a good rod ; therefore it makes a greater contrast between 
the Tcseek and the thing itself. But the kind of injocticm will make a 
good deal of diflbrence in the colour, for id! reds become much deeper 
by being mixed with oily BubstanceH, therefore tlie colour that is fit for 
oil, is much too pale when mixed with water and spiritA, and vice ver»d. 

Uany ports of fishes that arc intended for dry preparations should 
first bo steeped in spirit ; this coagulatea all their juices, preserves them 
&om putrefaction, and allows of a quicker evaporation, all of which 
are often absolutely neccsBary. 

0/ Vamuking. — Varnishing dry preparations has three advantages ; 
firet, it prevents their being destroyed by ioaocta ; secondly, it preservea 
them from the dirt, as any dirt will easier come off a smooth coat of 
varnish than off the pi-eporation itself; and thirdly, it gives the prcpa- 
mtion a much brighter colour, and mokes the part shine by entering its 
pores, thereby rendering it more transijarent. The varaish being a 
transparent body itself, and entering the pores, fiUa them up ; thereby 
the whole becomes a more uniform mass, having fewer reflecting sur- 
faces, and therefore the deeper-sealed ports that are bright (viz. the 
injected vessels) are better seen. Tarnishing preparfttionfl is as necca- 
aary a part as any, as it keeps them clean and free from inseetfl ; and 
for this last purpose it is necesBary to be extremely nice : the ports that 
are easiest varnished are those which have least occasion for it, it being 
tlie hollow comers or creiices that require it most, aa it is there tho 
insects lay their eggs, tho worms from which destroy the preparation. 
Insects often oat their way through the vamiah into the preparation ; to 
prevent which, diasolve corrosive sublimat<! in spirit of wine, and mix 
it with the varnish before it is laid on the preparation. 

Tlie spirit varnish is most proiicr for those preparations that are to he 
Landled, because the gum that dissolves in spirit does not in water ; so 
that the moisture of the hand does not soil it. It likewise does beet for 
those preparations thot have any grease in them ; for it in some 
measiire mixes with the greaae, and Ihereforu adheres more firmly to 
the preparation ; whereas the watery gum does not, so that it rises in 
blisters. 

Spirit varnish is best for corroded preparations; it is better than tho 
copal, because it doea not dissolve any of the injection on the surface, 
which ia the cose with the copal, and all tho turpentine varnishes ; and 
when they disbolvc the wax on the surface of the smaller vessels, it al- 
most goes through and through, by which means they bend or oollapso. 

Mr. Henry's co]jiJ varnish dries very readily, but when perfectly dry 



is apt to crock by b<-Ddiug the preporatioti. The cracks aj 
iind mtuly, aa if the gum had lost ita ccmeiit by drying. If a fi 
more tenacity conld bo given to it so us to avoid its cnuJong imd 
prevent ita drying, it wouldbe preferable to the copal vorniBb 
naed. 

Ofihe lytparation of Bonet.—ASter louf^y revaoving the Heali, J 
the quickest way, without boiling, to clean them, is tu pat tbA ba 
into a tub, with a loose cover, so as to let the tlioa get to them ; tl 
will fly-blow them iauneiUately, and in a forUight's time they will hi 
entirely destroyed the desh. However, tliia can only be dooo 



Bones that have been steeped in water, either after trailing ^n* b 
lire generally either of a black greyish colour, if they Lave been « 
long enough, or they arc of a pretty good white: thesu coloun « 
from an entire want of greaso, and these colours sro always bright* 
in the middle of the bone where there is the least grease. Thew • 
the most promLsing colonrs, for the white will remain and the grert 
black will become whito by being exposed to the air ; but what ia n 
valuable is the want of grease, 

K bones are of u dark or dirty brown when taken out, we nay 1 
pretty sure that they hare not a great deal of oaseoas matter ; and ■ 
therefore Ught and bad bones. This colour is often attended iril 
grease, hut whether it is or not, it is a bad one ; they never beoota 
white of thomselveB, and it is hardly possible to make them so by n 
for they seem to be dyed, and That a little way into the bono ; but it i 
always of a deeper colour near the surface than in the substanoo cf tl 
bouG. 

If they are taken out of a. pretty bright or whitish yellow, or it HUJ 
on the orange colour, we may be sure they will be greasy, eepecdaliy i 
they feel slippery or saponaceous. This colour will be most at the tOU 
of bones, and it often seems mixed with the dark brown, and is gou 
rally attended with a yellow transparency. 

When this is the case, they have not lain long enough in water ; aau 
indeed, there is a great chance agwnat their ever becoming free t 
grease before the bones are spoiled by steeping, if they have lain a 
long already as to have destroyed the flesh. This colour, in genend 
attends a good bone, or in other words, a strong one. 

The human flesh is longer in rotting than in any other animal ; esp* 
dally the tendons, ligaments, and cartilages ; it becomes more hard Ig 
steeping, but in other naimals it seems to dissolve. This is most so '* 
old people. 

Sejiaralion of Culielf. — Putrefaction and boiling water separate t 
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cuticle from tho cutis; but putrofaction is the best; 
doee not do it so rc^oxly over tlio whole. 

Of tJiE trantparent Preparatwn of Bones. — ^Bonea in many ai 
a misturu of earth and animal matter ; as tho eaith ia in the form of a 
powder or cabc it ie opake. To render such a, bone transpttrent, it is 
necesaarj that tiia earth should he extracted and nothing left but the 
animal substance. To do this, the bone should be steeped in an oeid, 
with which the earth unites and diasolveB. The acid should be so 
diluU'd as to have but little effect upon tho animal part ; however, the 
weakest acids will, in some degree, affect it, which is of some advantage, 
as it renders tbe preparation (ttill more transparent. 

The acid should be diluted so as only to feel a little sharp to the 
tongne. Perhaps common vinegar is as strong as it should be. Water 
is commonly the fluid tho add is (iiluted with, and in an proper as any- 
thing when the preparation is simply a bone that is to bo put into it; 
but it is BomctimcH necessary that soft ports are also connected with tho 
bone to complete the preparation. In such cases, to preserve the soft 
parts from putrefaction, it is jiropcr to dilute the acid with spirit, which 
preserves the soft parts wliile tho add is CJttrocting tbe earth. 

If tbe (]uantity of liquid is too small to allow of a sufficient quantity 
of acid to dissolve all the earth in the bone, then more acid may bo 
added to the same liquid when that which was first put is fully eatu- 
ral«d, which will bo in a day or two. 

Yitriolic acid shoidd never be used, as it does not dissolve tho earth of 
bones, but unites with it in the form of sdenites [Bul])hato of limoj. 
The merino [nitric] acid should be as pure as possible, or free from any 
vitriolic add. 

Of Wet Preparatimit. — Preparations should never be allowed to have 
any considerable tendency to putrefaction before they are put into 
spirits, becuuHe the port or piece putrcHed does not coagulate so soon, 
nor so hrmly, as the fresh ; therefore you will have tho spirits made or 
kept much longer foul from tho oozing of the uncoagulable juiwa ; but, 
where it is unavoidable, the spirit should be strong in proportion, espc' 
daily if tlie mass be large. If the preparation is made in the summer, 
and is pretty largo, it will be hardly possuble to prevent putrefaction 
before it is properly steeped ; therefore it will require, at first, either 
more spirit than common, or stronger. 

Of the Coluar of Wet PrtjM/rationa. — As all parts of an animal are 
nearly of the aamo colour when deprived of their blood (excepting the 
skin and some glands, as the liver, which take much of their colour 
from the juice which they secrete), gr«at care should be taken not to 
deprive such paila of their blood, which owe much of their distinction 
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«f parts to their colour ; and in many such ports, instead of l^iant 
tmvb distinction, it ought to be increosed. Suppceiu^ a tongne la kt 
preserved for the interweaving of its muscular fibrcia {which is bMtMt 
from oolour), the colour Hhould bo heighten^ ; lher&for«, instead t( 
being Btecped in water, it ought to be stepped in a solntioiQ of tatn. 
vhich gives a brightness to the blood in the mtisclcs, and makes tiit 
distinclion between muscles and other parte more conspicuous. In t 
section of the proboscis of on elephant, this treatment bos a good e&ct 

Proporations thtit are to be kept wet. and ore sltwpod in wat«- tHi ill 
the colour is extracted, and therefore become wbito in themwlro. 
should bo injected with a colour rwlder tlian vermilion ; for, if it ii 
not a very vascular part, the vermilion does nut add so inucJi ta it M 
some other reds do, and the part appears lees vascular tliao it naUj k 
In very vascular parts, where nothing is seen but vessels, ns llie nun* 
surface of the stomach, ibc, one would in those cases cbooav the otiant 
that pleases the eye most. 

Spirit, ^. — The liquors to be used should have one propertj io 
common, that of preserving the preparation from putrefaction, and 
should be transparent. Liquors should have different degrees of astnn- 
gency. Some should be strong, eo as to keep prejiarntions in anj hrat 
that they are put into ; e. g. a bladder, when tilled with spirit of wine 
and let stand for some time, should not collapse when opened to ahov 
its inside, but should retain its form ; and particularly such prviNua- 
tionfl as have been sent home in spirits without having had any 
attention paid to their form : the second liquor for such ehonid be u 
astringent as possible. The best thing is the joining of ncid to i««tified 
spirit of wine. 

Unless for such purposes as above, tho liquors should hare little or bo 
nstringenty ; as that prevents mnny parts being seen from their bdng 
drawn together, prevents the natural softaeaa of parts, coagulates tli6 
Bcrum which produces a whiteness, where you want to show vosaels of 
different colours ; and it always produces a milkiness in tlie first liaoor, 
and a white sediment from n coagidation of the serum that ia aijaersed 
out of tho vessels, cavities, &o. 

The spirit of wine ia the liquor commonly used. The strength of 
the spirit must be according to tho solidity and mass of the prepttn- 
tiooB ; OS muscles, some gelatinous fish, &c. Rectified spirit of wiji« ia 
in general too strong, but some preparations require it, not for thttir 
prcservatioB, but for thdr position. 

Weak spirits may answer best in many cases, and one would nata- 
rally suppose in most cases ; as, in most, only preservation ia wiuited. 
Cut we find by exi>ericncc that a weak spirit is slow in coagnla^of |k» 
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juices ; therefore the spirit ia almoBt alwnye dirty, or there is a aedi- 
mcnt of coagulated Bprum at the bottom, so as to require a voat ntunher 
of shiftings before the whole of the juices are coagulated ; moro espe- 
cially where the parts are not quite fresh. Such spirit as is weak might 
be improved by dissolying some alum in it. Besides their not coagu- 
lating the juices quickly enou^, they do not coagulate them su£Gcieiitly ; 
most of the preparations that were put up in gin, are in this manner 
milky, by having the juices partly coagulated and portly suspended. 
At the second and succeeding times of putting spirits to preparations, 
it is not necessary that it should be so strong as at the first. Proof 
spirits lowered one third will bo strong enough, 

0/ e^-posini/ the different parts of a Preparation. — Bctadcs the exposi- 
tion of the different parts in the dissection, they should be exposed as 
much as possible when in the form of a. prepariLtion. In the wet 
preparation, it is often necessary to have bristles stretched from one 
part to another; briatlos put inhi parts to point them out, as into the 
ducts of glands, i&c. These, if there arc many of them in the same 
preparation, should be of different colours ; hiaek and white we have 
naturally ; but still it is frequently necessary to have a variety of 
colours J brisUes take on a bad dye of green, blue, red, 4c., but if 
punted, will do very well. Where bristles are too small, or too weak, 
quills may be used, or tlio hairs of a rhinoceros's tail, &c. 

Such substances, however, are sometames too short, therefore some- 
thing else must be substituted, as wire — such as passing it through the 
body of a snake to give it a particular form, &c., but the wire should 
not be iron, as it becomes rusty. Brass and copper wire also corrode; 
but I suspect something else than spirits, viz. Yolat. Alk. or Acid, &c. 
may do this. 

Of napendintf Preparatiojtg in Spirils. — The threads by which pre- 
parations are suspended should be as fine as possible, so as they are 
sufficient to bear the weight of the preparation, but which need not be 
BO strong as to suspend it in the air, as it is much lighter in spirits. If 
a preparation is such as to keep its form without threads, and only 
needs suspension, yet it is best to use two threads ; as, in looking 
at the preparation, it will then turn with the glass. These should 
bo fixed to opposite points of the preparation, or it will not answer 
so wcIL 

The tlireuds used for very small light preparations, should be allowed 
to untwist themselves in water l>efore they are used; otherwise they 
will twist themselves in tho spirit and become as one thread, which 
makes nil the parts suspended appear indistinct. A single thread of 
the mik-worm is in general strong enough for moat, and does not twist 
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of itself ; but in turning nbmit tho proparatioa botUc. ib<j will bf 
qucntty tmst, and it-ill be with difficulty on tirist«(t, tT at all. ante* tkt 
preparation is heavy. In such coses, therefore, w-hoir th* lliiradf us 
bug and the preparation light, it will bo on lulrantiip) to keqi ^ 
threads osonder midwiiy hy n bristle, or some aucJi thing. 

Freparatians, when first put into spirits to liArdes. sboold be vdl 
BOspended, so aa la keep as much of the fonu 5-011 iotond as pwohlf. 
OS thiH fonn will not niter afterwards. But them is no occaaaa to txm 
the preparation neatly, becaoBO this is better dono when lbL> nri'riiraVt* 
is hardened and to be pnt into fhsh fipirits ; one can then take iiff k 
namber of edges, loose portH, and rach as have been put out at tho- 
place by threads, &c. Prepnrotions bting generally tnkea wit ofvitiT 
when put first into spirits, we find that, os (he yrater md ^arils 
do not immediately unitE', the loose parts of the preparotion diDK riiw< 
to the body of tho preparation. If a preparation is put into aiirils 
under such circumstances, it should be moved in tho spirit till all iJiMO 
loose, villous or fiingy parts lianff aa thfy should do. This mu»t 1« 
done immediately, bocaunc the parts coagulate in their first form, ud 
then it is imponsible to make them hana loose afterwards, 

0/ Blad,Un. 4-r. for tying owr the JtoltU.—'Tho first bladder ahoulJ 
bo Tcry thin, to allow os little distance oe possible between the bnttla 
and the lead, as that is tho space through which evai>onitian pa 
It should be a little putrid, so ns to have formed a little glne, which 
allows it to stick much more firmly 10 the neck of tho bottle and to 
the lead than it other«-iso would do. Very hot water pourttd apoa a 
bladder will have ncorly the same oflect. 

Ctf ahiftinij iVitpnrnrioiw.— When preparations ore sliiltod frwn om 
spirit to another, tliey should lie fiist washeil in tho old spirit to wmh 
away any loose mucus, &c. If the spirit they are token out of is ven 
dirty and much tinged, tho preparations in that enso should bo 8t«epe>l 
in dean spirits for a day or two, till that tinge is taken out, befbi« Ihn- 
are put uji in clean spirits. 

0/ distattd Parts. — Many diseased ports should not bo et«opod in 
water, as tho disease is often Hhown or illustrated by the colour of tlw 
part, suuh as inflamed and mortified parts. These should he put jato 
pretty strong solation of alnm, or into pretty strong spirits, to flx and 
coagulato the juices. 

Of Embalming. 
The embalming a rojnil i>ursonngo ia done in the folluwinji: nuuuivr. 
IneiffltmB ore made into the thirVest part of the tlughs, legs, ud 
I'lius, to allow the fluids t" " ' . ' ..ln're the mibjoct Lt at oQ 
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dropsical, those ehould be made as early as possible to allow tliem to 
dndn. The tliorax and abdomen are to be opened, and the whole of 
their contenta stripped down together, also the Iddnej's, in one mass, 
and put into elean water, Tlie brain is to be token out, and the cranial 
cavity filled with the ' coarse sweets,' and then sewed up again. The 
cavity of the abdomen and thorax is to be filled with the same, and 
sewed up in the usual way. The contents of the abdomen and thorax, 
with the brain, are to be dried a little ; and, after the urn has had ita 
bottom woU covered with the ' coarse sweets,' they ai'e to bo put into 
it. The um ie then to be filled up with the same, soldered down, and 
the top screwed on. The nm is a euble of about a foot and a half, lined 
with lead. 

The quantity of cere-cloth ie fourteen yards, of a green colour. The 
fingers are rolled up separately, in straps the width of a penny ribbon, 
and then altogether. The arms are rolled up in strips separately, and 
the feet and legs the same. The body is wrapped np in two pieces, and 
the face and head aro covered with two pieces, and afterwards rolled 
over with strips in over)' direction. The legs are then to be brought 
together, and the two great toea tied, and then all rolled np in one ; 
the arms are to be brought to the sides, and the whole boily is to be 
enveloped in two pieces, each seven foet long ; the whole making one 
mass without any appearance of neck being retained. 

The gashes mode in the muscles are to be fiUed up with the ' fine 
sweets,' previous to the limbs being rolled np in the (ere-cloth. The 
body, being so enveloped, and all the edgca being made to stick dose 
together with a warm flat iron, is to be enveloped by a piece of white 
silk. The narrower this is the bettor, as it rolls so much better, bepn- 
ning at the head, and going down and up till the whole is well covered 
with the white silk. The same is afterwards to bo done with a piece 
of purple silk, and tied in four places with white ribbon and with bow- 
knots tied before. The purple is silk peculiar to tho royal family. This 
embalmed body is then to be put into tho coffin, which is previously 
partly filled, and afterwards entirely filled, with the sweets, and soldered 
down. 

In this process, first binding up tho limbs with linen rollors would 
allow the core-cloth to be much more neatly applied, and stick bettor 
than it can be made to do to the skin. 

The composition for the cerate for the cere-cloth : — 

Bees-wax i _ 

^ „ 1 aa 31h, 

Tellow rosin J 

Uutton BUCt : 1 lb. 

Powdered Verdigris Ji. 
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Melt them together^ and when cold knock it out of the pan, scrape 
the foul bottom, and melt it over again, and then dip the cloths, as 
foUowB : — 

2 Pieces, 1 yard each, for the legs, separate. 

1 „ 1^ yard, for the legs together. 

1 „ 5 feet, for the shoulders. 

1 „ 2^ feet, for the head. 

2 „ 7 feet each, to wrap the body in. 
2 „ I of a yard each, for the arms. 

1 „ 2 yards long, for rollers. 

The cloth to be either Holland or Irish, a yard wide, about 3t. 6d, 
per yard\ The pieces to be the whole width. Put packthread to the 
comers when you dip them, and stand on a table to draw them easily 
out of the pan. 

The fine Sweets. 

Eadic. Irid. Plor. eras pulv 14 lb. 

Cyper. long pulv 1^ 3- 

Calam. Aromat. pulv 1 5. 

Mor. Eosar. Rub. pulv 2 lb. 

Herb. Marjoram pulv ^^ 3* 

Ligni Rhodi pulv 1 lb. 

Cort. limon. pulv 65. 

Caryoph. Axomat pulv ix 5. 

Ghmi. Benzoin pulv '. . 18 3. 

Styrac. Calam. pulv x 3. 

Labdan. pulv iv 3. 

Moschi veri pulv ii ^. 

The Sweets for the Coffin, 

Flor. Lavond Ibvij. 

Marjoram Manip xxx. 

Rosar. Ruhr ij. 

Herb. Thymi Manip xxiv. 

Absynth. Roman. Manip xxiv. 

Caryoph. Aromat Jij. 

The herbs and flowers are to be cut very small, the cloves coarsely 
powdered, and all mixed with six bushels of bran, and put up in two 
coarse linen bags. 



' [Prioes have changed with the growth of manufactures since the date of the 
aboTe.] 
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STANDARD PUBLICATIONS & REMAINDERS 

Offered for Sale at remarkably I aiu prices by 

JOHN GRANT, BOOKSEI^LER, 
25 & 34 George IV. Bridge, 

EDINBURGH. 



Robert Burns' Poetical JVorks, edited by W. Scott 
Douglas, with Explanatory Notes, Various Readings, and Glossary, 
illustrated with portraits, vignettes, and frontispieces by Sam 
Bough, R.S.A., and W. E. Lockhart, R.S.A., 3 vols, royal 8vo, 
cloth extra (pub £2 2s), i6s 6d. W. Paterson, 1880. 

DryderCs Dramatic IForks, Library Edition^ with Notes 

and Life by Sir Walter Scott, Bart., edited by George Saints- 
bur>', portrait and plates, 8 vols, 8vo, cloth (pub £/^ 4s), £\ los. 
Paterson. 

Large Paper Copy — Best Library Edition, 

Moli^re's Dramatic Works, complete, translated and 

edited by Henri Van L^un, with Memoir, Introduction, and 
Appendices, wherein are given the Passages borrowed or adapted 
from Moliere by English Dramatists, with Explanatory Notes, 
illustrated with a portrait and 33 etchings, India proofs, by 
Lalauze, 6 magnificent vols, imperial 8vo, cloth (pub ^9 9s), £2 
1 8s 6d. Wm. Paterson. 

The same, 6 vols, half choice morocco, gilt top 



(pub ;f 12 I2s), £/^ i8s 6d. 

" Not only the best translation in existence, but the best to be hoped. It is a 
direct and valuable contribution to European scholarship." — Alhetueum. 

Richardson's {Samuel) Works, Library Edition, with 
Biographical Criticism by Leslie Stephen, portrait, I2 vols, 8vo, 
cloth extra, impression strictly limited to 750 copies (pub £6 6s), 
£2 5s. London. 

Sent Carriage Free to any part of the United Kingdom on 
receipt of Postal Order for the amount, 

JOIN &B.ANT, 25 & 34 &eopge lY. Bridge, Edinburgh. 



Jjhn Grant, BookselUr, 



Choioe lUastrated Works :— 

B^r^^fs Treatise en Paintings illustraUd by ijo £tchings 
^:w r^l^treaici rirriues of the Itajian, Venetian, Flemish, Dutch, 
i=fi Ez:^Ii>h SrhrtvSw ai5-j woocccts, thick 410, half morocco, gilt 
::? Tcr j;^^ ics . ;;r2 2s. 

C^Jtr:Ss \V:rks in Srulptun and Modtlling^ 142 exqui- 
s.:e ili'.e*. er^nve-i in c-ctline br Henr}- Moses, with Literary 
IV>crl:u.a5 "ry :i-i C -c-.tess Aibrizri, &nd Biographical Memoir 
':>■ -' cz: FsT'^r-iri, h-irivis^-me volume, imperial 8vo, half 
>rr:~>. z. n.r.cr . jT:!: :-. r -rub ii x.6 I2sj, reduced to 2 is. 

C^rur: S/^'.i'r^KS i/ AK.ienf Scuipture and Painting no7c 

}\. - .-vr;-:, m £c^\\:/:J, izcm :he Earliest Period to the Reign of 
li«-rv- \ III., cfitcvi ly Frinci> Ls-'use, and other eminent anti- 
; .j:r:e>, Tll.i>:r^*.c»i »::i: 120 lir^e engravings, many of which are 
rci-'.u^lly c-vl-.>ire*i, and 5<:veril highly illuminated Miih gold, 
bin Is. cr:c V'. ^J!:ne, n^ydi fv^iio, half crimson morocco, top eiiges 
gil: r^>: lub ^: ;^I5 I5>-. now reJucevi to £^ ^. 

Carters Ancitrnt Arshiudure of England^ including the 
C^.lir> ourln^ the British. Roman. Saxon, and Norman Eras, 
als.^ ur. :tr :he Kcigr,> of Henry HI. and Edward III., illustrated 
by 109 largs o>pperrla:e engravings, comprising upwards of 2000 
Sjecimens sho>»n in Plan. Execuiion. Section, and Detail, best 
e-iition. illusiratcvi by John Britton \ first pub at ji'iz 1 2s), now 
reduce\i to £2 is. 

Castlis ( The) and Mansions of the Lothians^ illustrated 
in 103 Views, with Historical and Descriptive .Accounts, by John 
Small, LL.!)., Librarian, University, Edinburgh, 2 handsome 
vols, folio, cloth (pub £p 6s), £1 15s. W. Palerson. 

Claudf Lorraine s Beauties^ consisting of Twenty-four of 
his Ch<.)icest Landscapes, selecteil from the Liber Veritatis, 
beautifully engraved on steel by Brimley, Lupton, and others, in 
a folio cloth portfolio (pub j£^3 3>), 12s 6^.1. Cooke. 

Marlborough G<fns — The Collection of Gems formed by 
Geori^e Spencer^ Third Dnk€ of Marlborough^ illustrated by 108 
full-page engravings, chiefly by Bartolozzi, with Letterpress 
Descriptions in French and Latin by Jacob Bryant, Louis 
Dulens, cVc, 2 handsome vols, folio, half crimson morocco, gilt 
top (selling price j£^lo los), £z 12s 6d. John Murray, 1844. 

The most beautiful IVork on the '* Stately Homes of Eni^latid."^ 

Nash's Mansions of England in the Olden Time, 104 
Lithographic Views faithfully reproduced from the originals, with 
new and complete historj' of each Mansion, by Anderson, 4 vols 
in 2, imperial 4to, cloth extra, gilt edges (pub £(i 6s), £2 los. 
Sotheran. 
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Choice niufltrated WotIsb— continued :— 

Lyndsay {Sir David^ of the Mount) — A Facsimile of the 
ancient Heraldic Manuscript emblazoned by the celebrated Sir 
David Lyndsay of the Mount, Lyon King at Arms in the reign of 
James the Fifth, edited by the late David Laing, LL.D., from 
the Original MS. in the possession of the Faculty of Advocates, 
folio, cloth, gilt top, uncut ed^es (pub £\o los), ;£"3 los. 

Impression limited to 250 copies. 

Also Uniform, 

Scottish Arms, being a Collection of Armorial Bearings, 

A.D. 1 370- 1 678, Reproduced in Facsimile from Contemporary 
Manuscripts, with Heraldic and Genealogical Notes, by R. R. 
Stodart, of the Lyon Office, 2 vols, folio, cloth extra, gilt tops 

(pub £l2 I2S), £^ lOS. 

Impression limited to 300 copies. 

Several of the manuscripts from which these Arms arc taken have hitherto been 
unknown to heraldic anti(iuaries in this countr>'. The Arms of upwards of 600 
families are given, all of which arc described in upwards of 400 pages of letter- 
press by Mr Stodart. 

The book is uniform with Lyndsay 's Heraldic Manuscript, and care was taken 
not to reproduce any Arms which are in that volume, unless there are variations, 
or from older manuscripts. 

Strutfs Sylva Britannice et Scotice ; or, Portraits of 
Forest Trees Distinguished for their Antiquity, Magnitude, or 
Beauty, drawn from Nature, with 50 highly finished etchings, 
imp. folio, half morocco extra, gilt top, a handsome volume (pub 
L^ 9s), I2. 2S. 

The Modern Cupid {en Chemin de Fer\ by M. Mounet- 
.Sully, of the Comedie Fran9ais, illustrations by Ch. Daux. A 
Bright, Attractive Series of Verses, illustrative of Love on the Rail, 
with dainty drawings reproduced in photogravure plates, and 
printed in tints, folio, edition limited to 350 copies, each copy 
numbered. Estes & Lauriat. 
Proofs on Japan paper, in parchment paper portfolio, only 65 

copies printed (pub 63s), £\ is. 
Proofs on India paper, in white vellum cloth portfolio, 65 copies 

printed (pub 50s), i6s. 
Ordinary copy proofs on vellum paper, in cloth portfolio, 250 
copies printed (pub 30s), los 6d. 
The Costumes of all Nations, Ancient and Modern, 
exhibiting the Dresses and Habits of all Classes, Male and Female, 
from the Earliest Historical Records to the Nineteenth Century, 
by Albert Kretschmcr and Dr Rohrbach, 104 coloured plates 
displaying nearly 2000 full-length figures, complete in one hand- 
some volume, 4to, half morocco (pub £^ 4s), 45s. Sotheran. 
IVal pole's {Horace) Anecdotes of Fainting in England, 
with some Account of the Principal Artists, enlarged by Rev. 
James Dallaway ; and Vertue's Catalogue of Engravers who have 
l)een born or resided in England, last and best edition, revised 
with additional notes by Ralph N. Wornum, illustrated with 
eighty portraits of the principal artists, and woodcut portraits of 
the minor artists, 3 handsome vols, 8vo, cloth (pub 27s), 14s 6d. 
Bickers. 

The same, 3 vols, half morocco, gilt top, by one 

of the best Edinburgh binders (pub 45s), £\ 8s. 



John Grants Bookseller^ 



Works on Bdinbungrli : — 

Edinburgh and its Neighbourhood in the I?ays of our 

Grandfathers^ a Series of Eighty Illustrations of the more remark- 
nl)le OUl anil New Buildings and Picturesque Scenery of EdiQ> 
Imrjjh, as ihcy ap|>cared about 1830, with Historical Introduction 
and Descriptive Sketches, by James Gowans, royal 8vo, cloth 
cU'Rant (pul) I2S 6tl), 6s. J, C. Nimmo. 

** Till* I hajiiffr*. are brtKhtly and well written, and are all, from firtt to last, 
rt-ailultlt: ;inJ full of infonnatlon. The volume is in all respects handsome.' — 

Kditiburgh Utnversity — Account of the Tercentenary Fes- 

thalofthf Vuivt-rsity^ including the Speeches and Addresses on 

the (.)(v;isit)n, cditiMl by R. Sydney Marsden, crown Svo, cloth 

(pill) 3s), IS. Hlackwood & Sons. 
Historical Xotias of lAidy Yester^s Church and Parish^ 

by Janu's J. Hunlcr. revised ,ind corrected by the Rev. Dr Gray, 

crown Svt)f cloth (pub 2s 6d), 9<l. 

Of interest to the antii|uari:in, containing notices of buildings and places now 
f.iNt <lis,i{ii>carin.'^. 

History of t lie Queen s Edinburgh Rifle Volunteer Brigade^ 

with an Account of the C'ity of Edinburgh and Midlothian Rifle 
Association, the Scottish Twenty Club, &c., by Wni. Stephen 
crown Svo, cloth (pul> 5s), 2s. Ulackwood & Sons. 
" This <>p)>orlune \oliiniu has far more interest for readers (generally than might 
ha\ t: bt.-t:ii cx|H;i:t('d, while to members of the Edinburgh Volunteer Brigade it 
cannot fail to he very interesting indeed.'* — St James's Gasttte. 

Leigh ton's (Alexander) Mysterious Legends of J£dtnbui-gh^ 

illustrated, crown Svo, Ix^ards, is 6d. 




Steven's (Dr William) History of the High School of 

Editibttri^h^ from the beginning of the Sixteenth Century, based 
u|>on Researches of the Town Council Records and other Authentic 
Documents, illustrated with view, also facsimile of a School 
Exercise by Sir Waller Scott when a pupil in 1783, crown Svo, 
cloth, a handsome volume (pub 7s 6<1), 2s. 

A^ipended is a list of the distinguished pupils who have been educated in this 
InstUution, which has been patronised by Royalty from the days of James VI. 

The Authorised Library Edition. 

Trial of the Directors of the City of Glasgoia Bank^ before 
the Petition for Bai/y reported by Charles Tennant Cooper, 
Advocate, the Speeches and Opinions, revised by the Council and 
Judges, and the Charge by the Lord Justice Clerk, illustrated 
with lithi^graj^hic facsimiles of the famous false Balance-sheets 
one large volume, royal Svo, cloth (pub 15s), 3s 6d. Edinburgh. 

Wilsons {Dr Daniel) Memorials of Edinburgh in the 
Olden Time^ with numerous tine engravings and woodcuts, 2 vols, 
4to, cloth (pub £z 2s), i6s 6d. 
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Works on the Hisrhlands of Scotland :— 

Disruption Worthies of the Highlands^ a Series of Bio- 
graphies of Eminent Free Church Ministers who Suffered in the 
North of Scotland in 1843 for the Cause of Religious Liberty, 
enlarged edition, with additional Biographies, and an Introduc- 
\ tion by the Rev. Dr Duff, illustrated with 24 full-page portraits 
^ and facsimiles of the autographs of eminent Free Churchmen, 
4to, handsomely bound in cloth, gilt (pub ;^'i is), 8s 6d. 
Gaelic Names of Plants^ Scottish and Irish^ Collected and 
Arranged in Scientific Order, with Notes on the Etymology, 
their Uses, Plant Superstitions, &c., among the Celts, with 
Copious Gaelic, English, and Scientific Indices, by John Came- 
ron, 8vo, cloth (pub 7s 6d), 3s 6d. Blackwood & Sons. 
" It is impossible to withhold a tribute of admiration from a work on which 
the author spent ten years of his life, and which necessitated not only voluminous 
reading in Gaelic and Irish, but long journeys through the Highlands in search 
of Gaelic names for plants, or rather, in this case, plants for names already 
existing. " — Scotsman. 

Grant {Mrs^ of Laggan) — Letters from the Mountains^ 
edited, with Notes and Additions, by her son, J. P. Grant, best 

edition, 2 vols, post 8vo, cloth (pub 21s), 4s 6d. London. 

Lord Jeffrey Raj's: — "Her 'Letters from the Mountains' are among the 
most interesting collections of real letters that have been given to the public : 
and being indebted for no part of their interest to the celebrity of the names 
they contain, or the importance of the events they narrate, afford, in their suc- 
cess, a more honourable testimony of the talents of the author. The great 
charm of the correspondence indeed is its perfect independence of artificial 
helps, and the air of fearlessness and originality which it has consequently 
assumed." 

Historical Sketches of the Highland Clans of Scotland^ 
containing a concise account of the origin, &c., of the Scottish 
Clans, with twenty-two illustrative coloured plates of the Tartan 
wogi by each, post 8vo, cloth, 2s 6d. 

** The object of this treatise is to give a concise account of the origin, seat, 
and characteristics of the Scottish Clans, together with a representation of the 
distinguishing tartan worn by each." — Pre/dee. 

Keltic (/ohti S.) — A History of the Scottish Highlands^ 
Highland Clans, and Highland Regiments, with an Account of 
the Gaelic Literature and Music by Dr M*Lauchlan, and an 
Essay on Highland Scenery by Professor Wilson, coloured illus- 
trations of the Tartans of Scotland, also many steel engravings, 2 
vols, imperial 8vo, half morocco, gilt top (pub;f3 los), £\ 17s 6d 
Mackenzie {Alexander) — The History of the Highland 
Clearances y containing a reprint of Donald Macleod's ** Gloomy 
Memories of the Highlands," "Isle of Skye in 1882," and a 
Verbatim Report of the Trial of the Brae Crofters, thick vol, 
crown 8vo. cloth (pub 7s 6d), 3s 6d. Inverness. 
" Some people may ask, Why rake up all this iniquity just now? We answer, 
That the same laws which permitted the cruelties, the inhuman atrocities, 
described in this book, are still the laws of the countr>', and any tyrant who may 
be indifferent to the healthier public opinion which now prevails, may It'i^aily 
repeat the same proceedings whenever he may take it into his head to do so." 

Ste^varfs {General David, of Garth) SketcJies of the 
Character^ lustitutions^ and Customs of the Highlanders of Scot- 
land ^ crown 8vo, cloth (pub 5s), 2s. Inverness. 
Stewart's sketches of the Highlands and Highland regiments are worthy to 

rank beside the Highland works of Sir Walter Scott, or even more worthy, for 

facts are stronger than fiction. Ever>' Scoitbh lad should have the book in his 

hands as soon as he is able to read. 



John Grants Bookseller^ 



Scottish Literature : — 

Tlie genial Author of " Noctes AmbrosiatutJ*'* 

Christopher North — A Memoir of Professor John Wilson^ 
compiled from Family Papers and other sources, by his daughter, 
Mrs Gordon, new edition, with portrait and illustrations, crown 
8vo, cloth (pub 6s), 2s 6d. 

" A writer of the most ardent and enthusiastic genius." — Henrv Hallam. 

" The whole literature of Knsland does not contain a more brilliant series of 
articles than those with which Wilson has enriched the pages of Blmcfno^ocTs 
Ma^aztnr."— Sir Archibald Alison. 

Cockburn {Henry)— Journals of being a Continuation of 
the Memorials of his Time, 1831-1854, 2 vols, 8vo, cloth (pub 
2 is), 8s 6d. Edinburgh. 

Cochran- Patrick {R. JV.) — Records of the Coinage of 
Scotland^ from the Earliest Period to the Union, numerous 
illustrations of coins, 2 vols, 4to, half citron morocco, gilt top, 
£^ I OS. David Douglas. 

Also uniform, 

Cochran-Patrick (P, IF.)— The Medals of Scotland, a 
Descriptive Catalogue of the Royal and other Medals relating to 
Scotland, 4to, half citron morocco, gilt top, £2 5s. David 
Douglas. 

Also uniform. 

Cochran-Patrick {P. IV.) — Early Records relating to 
Mining in Scotland^ 4to, half citron morocco, £\ 7s 6d. David 
Dougl.is. 

"The future historians of Scotland will be very fortunate if many parts of 
their materials are so carefully worked up for them, and set before them in so 
complete and taking a form." — Athtnmim. 

" We have in these records of the coinage of Scotland not the production of a 
dilettante but of a real student, who with rare pains and the most scholarly dtlt- 
gence has set to work and collected into two massive volumes a complete history 
of the coinage of Scotland, so far as it can be gathered from ancient records."* — 
AiOtieftty. 

"Such a book .... revealing as it does the first developments of aii 
industry* which has become the mainspring of the national prosperity, ought to 
be specially interesting to all patriotic Scotsmen."— 5'rt/i*n/<y Rci'iew. 

Crieff: Its Traditions and Characters^ with Anecdotes of 

Strathcarn, Reminiscences of Ohsolcle Customs, Traditions, and 
Superstitions, Humorous Anecdotes of Schoolmasters, Ministers, 
and other Public Men, crown Svo, is. 

".\ book which will have considerable value in the eyes of all collectors of 
Scottish literature. \ gathering up of stories alK>ut well-known inhabitants. 

memorable local occurrences, and descriptions of manners and customs." 

Scotsman 

Sent Carriage Free to any part of the United Kingdom on 
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Scottish Literature— co/7f//?(/flflf ;— 

Douglas" {Gavin, Bishop 0/ Dunkeld, 147^-^^22) Poetical 
Works y edited, with Memoir, Notes, and full Glossary, by John 
Small, M.A., F.S.A. Scot., illustrated with specimens of manu- 
script, title-page, and woo<lcuts of the early e<litions in fac^mile, 
4 vols, beautifully printed on thick paper, post 8vo, cloth (pub 
£3 3s)» £1 2s 6d. W. Paterson. 

I'The latter part of the fifteenth and beginning of the sixteenth century, a 
period almost barren in the aonaU of Englijch poetry, was marked by a remark- 
able series of distinguished poets in Scotland. During this period flourished 
Dunbar, Henivson, Mercier Harry the Minstrel, Gavin Douglas, Bellenden. 
Kennedy, and Lyndesay. Of these, although the palm of excellence must beyond 
all doubt be awarded to Dunbar, — next to Bums probably the greatest poet of 
his country. — the voice of contemporaries, as well as of the age that immediately 
followed, pronounced in favour of him who, 

' In barbarous age, 
Gave rude Scotland Virgil's page,' — 
Gavin Douglas. We may confidently predict that thin will long remain the standard 
edition of Gavin Douglas ; and we shall be glad to see the works of other of the 
old Scottisih poets edited with equal sympathy and success." — Atfufuenm. 

Lynd say's (Sir Daxnd, of the Mount, 14^0-1^68) Poetical 
IVorkSy best edition, edited, with Life and Glossary, by David 
Laing, 3 vols, crown 8vo, cloth (pub 63s), i8s 6d. 

Another cheaper edition by the same editor, 

2 vols, i2mo, cloth (pub 15s), 5s. \V. Paterson. 

" When it is said that the revision, including Preface, Memoir, and Notes, 
has been executed by Dr D.ivid Laing, it is said that all has been done that 
is possible by thorough scholarship, good judgment, and conscientiousness." — 
Scotsman. 

Lytteil {William, M,A.) — Landmarks of Scottish Life 
and Language^ crown 8vo, cloth (pub 7s 6d), 2s. Edinburgh. 

Introductory Observations ; Cumbrae Studies, or an " Alphal)et " of Cumbrae 
Local Names ; Arran Studies, or an " Alphabet " of Arran IxKral Names ; 
Lochranza Places ; Sannox Scenes and Sights ; Short Sketches of Notable 
Places ; A (Glance Round Hute ; Symbols ; Explanations, &c. &c. 

^PKerlies (P. H,, F.S.A. Scot.) History of the Lands and 
their Oiuiurs in Gallo^vay, illustrated by woodcuts of Notable 
Places and Objects, with a Historical Sketch of the District, 5 
handsome vols, crown 8vo, roxburghe style (pub £'^ 15s), 26s 6d. 
W. Paterson. 

Ramsay {Allan) — The Gentle Shepherd, New Edition, 

with Memoir and Glossary, and illustrated with the original 
graphic plates by David Allan ; also, all the Original Airs to the 
Songs, royal 4to, cloth extra (pub 2 is), 5s. \V. & A. K. 
Johnston. 

The finest edition of the celebrated Pastoral ever produced. The paper has 
been made expressly for the edition, a lai^ge clear type has been selected, and 
the printing in black and red is of the highest class, llie original plates by 
David Allan have been restored, and are here printed in tint, llie volume con- 
tains a Prologue, which is published for the first time. 

Sent Carriage Free to any part of the United Kingdom on 
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Scottish Literature— co/i^//ii/e//: — 

Th^ Earlitst kfunvn Printed Ettglish Ballad. 

Scottysche Kynge — A Ballad of the, written by John 

Skclton, Poet Laureate to King Henry VIII., reprcxluced in 

facsimile, with an Historical and Biographical Intnxiuction, by 

John Ashton, beautifully printed on thick paper, small 410, clotbi, 

uncut edges (pub 1 6s), 3s 6d. Elliot Stock. 

Southey says of him:— "The power, the strangeness,^ the volubility of his 
lan);;:\uif:e, the audacity of his satire, and the perfect 'orig:inality of his moziDer, 
made Skelton one of the most extraordinary writers of any age or tountry'" 

lliis uniaue ballad was printed by Richard Fawkes, the Kind's printer, ic 
1 511. immeuiately after the battle of r loddcn Field, wnich is de^icribea in it, and 
b of Kreat interest. 

Kvcrj- justice has been done to the work in this beautiful volume, the paper, 
printing, and binding of which are all alike excellent. 

Otic of the Earliest Presidents of the Court of Session. 

Seton (Alexander^ Earl of Dunferm/ine, Chancellor of 
Scotland^ 1 555- 1622) — Mt'woir of with an Appendix contain- 
ing a List of the various Presidents of the Court, antl Gencali^cal 
Tables of the Legal Families of Erskine, Hoi>e, Dalrj-mplc, and 
Dundas, by George Seton, Atlvocatc, with exquisitely etched 
]X)rtraits of Chancellor Seton, and George, seventh Ix)rd Scion, 
ami his family ; also the Chancellor's Signatures, Seals, and Book- 
Stamp ; with etchings of Old Dalgety Church, Fyvie Castle, ond 
Pinkie I louse, small 410, cloth (nub 2ls) 6s 6<1. Blackwotnl iS: .Sons. 
" Wc lia\c here cvcryihinj; connrctea with the sul.jccl of the }x>:>k that cmuU 

interest the hjNiorical Ntudcnt, the herald, the f^enealo^ist, and the archii-olotji'.t. 

The result is a ))ook worthy of it^ author's high reputation." — Xoies ami i^^uirits. 

JJ'ardtns (Alex./.) fit story of Afi^^us or Forfarshire, its 

Laud and P€opU\ Descriptive and Historical, illustrated with 
maps, facsimiles, &c., 5 vols, 4to> cloth (publishe^l to subs>cril»ers 
only at £1 17s 6^1), f,\ 17s 6d. Dundee. 
Sold se]\ir.itely, vol 2, 3s 6d ; vol 3, 3s 6d ; vols 4 and 5, 7s 6il ; 

vol 5» S-"* 6d. 

A most useful Work of Kcference. 

Wilsofis Gazetteer of Scotland^ dcniy 8vo (473 pp.), 
cloth gilt (pub 7s 6d), 3s. W. ^V: A. K. Johnston. 
This work embraces every town and village in the country of any importance 
as existing at the present day, and is portable In fonn and ver>* moderate in 
price. In addition to the usual information as to towns and places, the work 
gives the statistics of real property, notices of public works, public buildings, 
churches, schools, itc, whilst the natural hisior>' and historical incidents con- 
nected \«ith particular localities have not been omitted. 

The ScotspttuH says : — *' It entirely provides for a want which has been greatly 
felt." 

Younger (John, shoemaker^ St Boswells^ Author of " Rh^er 
Angling for Salmon and Trout,"' ** Cont I^w Rhymes,"' d^*-.) — 
Autobiof^japhy, with jKjrtrait, crown 8vo (457 pages), cloth (pub 
7s 6d), 2S. 

" 'The shoemaker of St Boswells,' as he was designated in all parts of Scot- 
land,_ was an excellent pro^ writer, a respectable poet, a mar\'ellously gifted 
man in conversation. His life will be read with great interest ; the simple heart- 
stirring narrative of the life-struggle of a highly-gifted, humble, and honest 
mechanic,— a life of care, but also a life of virtue."— Z<»«/o« Kairtv. 
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Grampian Club Publications, of valuable MSS. 
and Works of Orifirinal Research in Scottish 
History, Privately printed for the Members :— 

The Diocesan Registers of Glasgoiv — Liber Protocollorum 
M. Cuthberti Simonis, notarii et scribse capituli Glasguensis, A.D. 
1 499- 1 5 13; also, Rental Book of the Diocese of Glasgow ^ A.D. 
1 509- 1 570, edited by Joseph Bain and the Rev. Dr Charles 
Rogers, with facsimiles, 2 vols, 8vo, cl, 1875 (pub £2, 2s), 7s 6d. 



Rental Book of the Cistercian Abbey of Coupar- Angus ^ 
with the Breviary of the Register^ edited by the Rev. Dr Charles 
Rogers, with facsimiles of MSS., 2 vols, 8vo, cloth, 1879-80 (pub 
£2 I2S 6d), los 6tl. 



The same, vol II., comprising the Register of 

Tacks of the Abbey of Cupar ^ Rental of St Marie's Monastery ^ and 
Appendix, 8vo, cloth (pub £1 is), 3s 6d. 



Estimate of the Scottish Nobility during the Minority of 
fames VI. ^ edited, with an Introduction, from the original MS. 
in the Public Record Office, by Dr Charles Rogers, 8vo, cloth 
(pub los 6d), IS. 6d. 

ITie reprint of a manuscript discovered in the Public Record Office. The 
details are extremely curious. 



Genealogical Memoirs of the Families of Colt and CouttSy 
by Dr Charles Rogers, 8vo, cloth (pub los 6d), 2s 6d. 

An old Scottish family, including the eminent bankers of that name, the 
3aroness Burdett-Coutts, &c. 



Rogers^ {Dr Charles) Memorials of the Earl of Stirling 
attd of the House of Alexander^ portraits, 2 vols, 8vo, cloth (pub 
£Z 3s)> los 6d. Edinburgh, 1877. 

This work embraces not only a history of Sir William Alexander, first Earl of 
Stirling, but also a genealogical account of the family of Alexander in all its 
branches ; many interesting historical details connected with Scottish State affairs 
in the seventeenth century ; also with the colonisation of America. 
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Histories of Scotlaoid, complete set in lO vols 
for ^63 Ss. 

This ^and national series of the Early Chronicles of Scotland, edited by the 
most eminent Scottish antiquarian scholars of the present day, is now coinpleted, 
and as sets are becoming few in number, early application is necessary in order 
to secure them at the reduced price. 

The Scries comprises : — 
Scoticronicon of John de Fordun, from the Contemporar}' 

MS. (if not the author's autograph) at the end of the Fourteenth 
Centur)', preserved in the Library of Wolfenbiittel, in the Duchy 
of Brunswick, collated with other known MSS. of the original 
chronicle, e<lited by W. F. Skene, LL.D., Historiographer- Royal, 
2 vols (pub 30s), not sold separately. 

The Metrical Chronicle of Andre^u Wyntoun^ Prior of St 
Serfs Inch at Lochleven, who died about 1426, the work now 
printed entire for the first time, from the Royal MS. in the British 
Museum, collated with other MSS., edited by the late D. Laing, 
LL.D., 3 vols (pub 50s), vols i and 2 not sold separately. 
Vol 3 sold separately (pub 21s), los 6d. 

Lives of Saint Ninian and St Kentigern, compiled in the 
1 2th century, and edited from the best MSS. by the late A. P. 
Forbes, D.C.L., Bishop of Brechin (pub 15s), not sold separately. 

Life of Saint Coiumba^ founder of Hy, written by Adamnan, 
ninth Abbot of that Monastery, edited by Wm. Reeves, D.D., 
M.R.I. A., translated by the late A. P. Forbes, D.C.L., Bishop 
of Brechin, with Notes arranged by W. F. Skene, LL.D. 
(pub 15s), not sold separately. 

The Book of Fluscarden, being unpublished Continuation 

of Fordun's Chronicle by M. Buchanan, Treasurer to the Dauphi- 
ness of France, edited and translated by Skene, 2 vols (pub 30s), 
I2S 6d, sold separately. 

A Critical Essay on the Ancient Inhabitants of Scotland^ 
by Thomas Innes of the Sorbonne, with Memoir of the Author by 
George Grubb, LL.D., and Appendix of Original Documents by 
Wm. F. Skene, LL.D., illustrated with charts (pub 21s), 
los 6d, sold separately 
In connection with the Society of Antiquaries of Scotland, a uniform scries of 

the Historians of Scotland, accompanied by English translations, and illustrated 

by notes, critical and explanatory*, was commenced some years since and Iuls 

recently been finished. 

So much ha«J recently been done for the history* of Scotland, that the necessity 

for a more critical edition of the earlier historians has become ver>' apparent. 



The history of Scotland, prior to the isih centur>', must always be based to a 
great extent upon the work of Fordun ; but his original text has been made the 
basis of continuations, and has been largely altered and interpolated by his con- 



tinuators, whose statements are ui.ually quote<l as if they belonged to the original 
work of Fordun. An edition discriminating lictwcen the original text of Fordun 
and the additions and alterations of his continuators, and at the same time trac- 
ing out the sources of Fordun's narrative, would obviously be of great importance 
to the right understanding of Scottish history. 

The complete set forms ten handsome volumes, demy 8vo, illustrated with 
facsimiles. 
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Campbell {Colin, Lord Clyde) — Life of, illustrated by 

Extracts from his Diary and Correspondence, by Lieut. -Gen. 

Shad well, C.B., with portrait, maps, and plans, 2 vols, 8vo, 

cloih (pub 36s), 6s 6d. Blackwood & Sons. 

"In all the annaU of *ScIf-Help,' there is not to Be found a life more truly 
worthy of study than that of the gallant old soldier. ITie simple, self-denying, 
friend-helping, brave, patriotic soldier stands proclaimed in every line of General 
Shadwell's admirable memoir." — Blcuhiooods MagasiHt. 

De Witfs (John, Grand Pensionary of Holland) Life ; 

or. Twenty Years of a Parliamentary Republic, by M. A. Pon- 

talis, translated by S. E. Stephenson, 2 vols, 8vo, cloth (pub 

36s), 6s 6d. Longman. 

Uniform with the favourite editions of Motley's " Netherlands" and "John of 
Barnveld," &c. 

Johnson (Doctor) : His Friends and his Critics, by 
George Birkbeck Hill, D.C.L., crown 8vo, cloth (pub 8s), 2s. 
Smith, Elder, & Co. 

"The public now reaps the advantage of Dr Hill's researches in a most 
readable volume. Seldom has a pleasantcr commentary been written on a 
literary* masterpiece. . . . Throughout the author of thi'* pleasant volume 
has spared no pains to enable the present generation to realise more completely 
the sphere in which Johnson talked and taught." — Saturday Rn'icxv. 

Mathews {Charles James, the Actor) — Life of chiefly 
Autobiographical, with Selections from his Correspondence and 
Speeches, edited by Charles Dickens, portraits, 2 vols, 8vo, cloth 
(pub 25s), 5s. Macmillan, 1879. 
" The book is a charming one from first to last, and Mr Dickens deserves a 

full measure of credit for the care and discrimination he has exercised in the 

business of editing." — Globe. 

Brazil and Java — The Coffee Culture in America, Asia, 
atid Africa^ by C. F. Van Delden Lavine, illustrated with 
numerous plates, maps, and diagrams, thick 8vo, cloth (pub 25s), 
3s 6d. Allen. 

A useful work to those interested in the production of coffee. The author was 
charged with a .special mission to Brazil on behalf of the coffee culture and coffee 
commerce in the Dutch possessions in India. 

Smith {Captain John, 15 79-1 631) — The Adventures and 
Discoveries of sometime President of Virginia and Admiral of New 
England, newly ordered by John Ashton, with illustrations taken 
by him from original sources, post 8vo, cloth (pub 5s), 2s. 
Cassell. 

" Full of interesting particulars. Captain John Smith's life was one peculiarly 
adventurous, bordering almost on the romantic ; and his adventures are related 
by himself with a terse and rugged brevity th.it is very charming." — Ed. 

Philip's Handy General Atlas of America, comprising a 
series of 23 beautifully executed coloured maps of the United 
States, Canada, &c., with Index and Statistical Notes by John 
Bartholomew, P'.R.G.S., crown folio, cloth (pub £1 i.s), 5s. 
Philip & Son. 
Embraces Alphabetical Indices to the most important towns of Canada and 

Newfoundland, to the counties of Canada, the principal cities and counties of the 

United States, and the most important towns \\\ Central America, Mexico, the 

West Indies, and South America. 
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Little's (/. Stanley) South Africa, a Sketch-Book of Men 
and Manners, 2 vols, 8vo, cloth (pub 21s), 3s 6d. Sonnenschein. 

Oliphant {Laurence) — The Land of Gilead, with Ex- 
cursions in the Lebanon, illustrations and maps, 8vo, cloth (pub 
2 is), 8s 6d. Blackwood & Sons. 

" A most fascinating book." — Observer. 

" A singularly agreeable narrative of a journey through regions nnorc replete, 
perhaps, with varied and striking associations than any other in the world. The 
writing throughout is highly picturesque and effective."— -'iMr/i//'»w. 

"A most fascinating volume of travel. . . . H is remarks on manners, customs, 
and superstitions are singularly interesting." — St James s Gazette. 

** The reader will find in this book a vast amount of most curious and valuable 
information on the strange races and religions scattered about the country-." — 
Saturday AVt'/W*'. 

"An admirable work, both as a reecrd of travel and as a contribution to 
physical science." — I 'unity Fair. 

Patterson {R. H.) — The New Golden Age, and Influence 
of the Prcciotts Metals ttpon the War, 2 vols, 8vo, cloth (pub 
3 IS 6d), 6s. r.lackwood & Sons. 

Contents. 

Vol I.— The Pkkiod of Discovekv and Romancf of the Nfav Golden- 
Age, 1848-56. — The First Tidings — Scientific Fears, and (ieneral Enthusiasm — 
The Great Emigration— General Effects of the Gold Discoveries upon Commerce 
— Position of Great Britain, and First Effects on it of the (iold Discoveries — The 
Golden Age in California and Australia— Life at the Mines. A Retkosi'Ect. — 
History and Influence of the Precious Metals down to the Birth of Modern 
Europe — The Silver Aj^e in America — Effects of the SiUer Age upon Europe — 
Production of the Preciou*; Metals during the Silver Age (1492-1810) — Effects of 
the Silver Age upon the Value of Money (1492-1800). 

Vol II. — Period of Renewed Scarcity. — Renewed Scarcityofthe Precious 
Metals, A.D. 1800-30 — The Period of Scarcity. Part II. — Effects upon Great 
Britain — The Scarcity lessens — Beginnings of a New Gold Supply — General 
Distress before the Gold Discoveries. "Cheap" and "Dear' AIonev — On 
the Effects of Changes in the Quantity and Value of Money. The New Golde.v 
Age. — First Getting of the New Gold— First Diffusion of the New Gold — Indus- 
trial Entcrpri>e in Europe — Vast Expansion of Trade with the East(A.D. 1855- 
75) — Total Amount of the New Gold and Silver— Its Influence upon the World 
at large — Close of the Golden Age, 1876-80 — Total Production of Gold and 
Silver. Period 1492-1848. — Production of Gold and Silver subsequent to 1848 — 
Changes in the Value of Money subsequent to a.d. 1492. Period a.d. 1848 
and subsequently. Period a.d. 1782-1865. — Illusive Character of the Board of 
Trade Returns since 1853 — Growth of our National Wealth. 

Tunis, Past and Present, with a Narrative of the French 

Conquest of the Regency, by A. M. Broadley, Correspondent of 
the Times during the War in Tunis, with numerous illustrations 
and maps, 2 vols, post 8vo, cloth (pub 25s), 6s. Blackwood & Sons. 

*' Mr Broadley has had peculiar facilities in collecting materials for his 
volumes. Possessing a thorough knowledge of Arabic, he has for years acted as 
confidential adviser to the Bey. . . . The Information which he is able to place 
before the reader is novel and amusing. ... A standard work on Tunis has 
been long required. This deficiency has been admirably supplied by the author. *' 
— Morning Post. 

Sent Carriage Free to any part of the United Kingdom 
on receipt of Postal Order for the amount, 

JOIN GRANT, 25 & 34 George IV. Bridge, Edinburgh. 



^5 ^ 34 George IV. Bridge, Edinburgh, 13 

Burnet (Bishop) — History of the Reformation of the 
Church of England^ with numerous Illustrative Notes and copious 
Index, 2 vols, royal 8vo, cloth (pub 20s), los. Reeves & Turner, 
1880. 

" Bumct, in his immortal History of the Reformation, has fixed the Protestant 
religion in this country as long as any religion remains among us. Burnet is, 
without doubt, the English Eusebius." — Dr Ai'THOkpe. 

Burnefs History of his Own Time, from the Restoration 
of Charles II. to the Treaty of the Peace of Utrecht, with 
Historical and Biographical Notes, and a copious Index, com- 
plete in I thick volume, imperial 8vo, portrait, cloth (pub £\ 5s), 
5s 6d. 

" I am reading Burnet's Own Times. Did you ever read that garrulous 
pleasant history? full of scandal, which all true history is ; no palliatives, but all 
the stark wickedness that actually gave the momcntuitt to national actors ; none 
of that cursed Humeian indifference, so cold, and unnatural, and inhuman," &c. 
— Chakles I.amb. 

Creasy (Sir Edward S.) — History of England, from the 
Earliest Times to the End of the Middle Ages, 2 vols (520 pp 
each), 8vo, cloth (pub 25s), 6s. Smith, Elder, & Co. 

Crime — Pikers (Luke Owen) History of Crime in England, 

illustrating the Changes of the Laws in the Progress of Civilisa- 
tion from the Roman Invasion to the Present Time, Index, 2 
very thick vols, 8vo, cloth (pul) 36s) los. Smith, Elder, <Ii: Co. 

Globe (The) Encydopccdia of Useful Information, edited 
by John M. Ross, LL.D., with numerous woodcut illustrations, 6 
handsome vols, in half-dark persian leather, gilt edges, or in half 
calf extra, red edges (pub £^ i6s), £,^ 8s. Edinburgh. 
** A work of reference well suited for popular use, and may fairly claim to be 

the best of the cheap encyclopa;dias." — Aihrtueutit. • 

History of the War of Frederick I against the Communes 
of Lo>nhard)\ by Giovanni B. Testa, translated from the Italian, 
and dedicated by the Author to the Right Hon. W. E. Gladstone, 
(466 pages), 8vo. cloth (pub 15s) 2s. Smith, Eltler, & Co. 

Freemasonry — PatorSs {Brother C. I.) Freemasonry and 
its Jurisprudence^ accortling to the Ancient Landmarks and 
Charges, and the Constitution, Laws, and Practices of Lodges 
and Grand Lodges, Svo, cloth (pub los 6d), 3s 6d. Reeves & 
Turner. 

Freemasonry, its Symbolism, Religious Nature, and 

Law of Perfection, 8vo, cloth (pub los 6d), 2s 6d. Reeves & 
Turner. 

Freemasonry, its Thvo Great Doctrines, The Exist- 



ence of God, and A Future State ; also. Its Three Masonic 

Graces, Faith, Hope, and Charity — in I vol, Svo, cloth (pub los), 

2s 6d. Reeves & Turner. 

The fact that no such similar works exist, that there is no standard of autho- 
rity to which reference can be made, notwithstanding the great and growing 
number of Freemasons and Lodp;es at home, and of those in the British 
Colonies and other countries holding Charters from Scotland, or affiliated with 
Scottish Lodges, warrants the author to hope that they may prove acceptable to 
the Order. All the oldest and best authorities — the ablest writers, home and 
foreign — on the history and principles of Freemasonry have been carefully con- 
sulted. 
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Arnold's ( Cecil) Great Sayings of Shakespeare^ a Com- 

prehenMve Index to Shakespearian Thought, being a Collection 
of Allusions, Reflections, Images, Familiar and Descriptive Pas- 
sages, and Sentiments from the Poems and Plays of Shakespeare, 
Alphal^tically Arranged and Classified under Appropriate Head- 
ings, one handsome volume of 422 pages, thick 8vo, cloth (pub 
7n 6d), 3s. Bickers. 

Arranged in a manner Mmilar to Southgate's *' Many Thoaphts of Many 
Minds." 'I*hi5 index differs from all other books in being much more com- 
jirehcnftive, while care hasi been taken to follow the most accurate text* and to 
cope, in the best manner possible, with the difficulties of correct dassificatioo. 

The most Beautiful and Cheapest Birthday Book Published. 

Birthday Book — Friendship's Diary for Every Day in the 
Year, with an appropriate Verse or Sentence selected from the 
great Writers of all Ages and Countries, each page ornamented by 
a richly engraved border, illustrated throughout, crown 8vo, cloth, 
l>evclle<l boards, exquisitely gilt and tooled, gold edges, a perfect 
gem (pub 3s 6<1), is gd. Hodder & Stoughton, 
1 his book practically has never been published. It only requires to be seen 

to be appreciated. 

Dohson ( W. T.) — The Classic Poets, their Lives and their 

Times, with the Kpics Epitomised, 452 pages, crown 8vo, cloth 

(pul) 9s), 2s 6d. Smith, Elder, & Co. 

(oMKNTs. — Hr.mcr's Iliad, The I^y of the Nibelungen, Cid Campeador, 
I)antc's Divina Commcdia, Ariosto's Orlando Furioso, Camoens' Lusiad, I'asso's 
Jerus;ileni I>tlivercd, Spenser's Fairy Queen, Milton's Paradise Lost, Milton's 
l'ara<liNC Regained. 

Etij^lish Literature: A Study of the Prologue and 

Kpilogue in Knglish Literature, from Shakespeare to Drydcn, by 
(1. .S. ii., crown 8vo, cloth (pub 5i.), is 6d. Kegan Paul, 1884. 
Will no doubt prove useful to writers undertaking more ambitious researches 
into the wi<lcr domains of dramatic or social history. 

Biblioi^rapher (The), a Magazine of Old-Time Literature, 

crmtains Articles on Subjects interesting to all Lovers of Ancient 
and Modern Literature, complete in 6 vols, 410, antique boards 
(pub ^"2 5s), 15s. Elliot Slock. 

" It is imp<jssiblc to open these volumes anywhere without alighting on some 
amusing anecdote, or some valuable literarj' or historical note." — Saturday 
Rn>it tv. 

Book-Lore, a Magazine devoted to the Study of Biblio- 

gra|)hy, complete in 6 vols, 4to, antique boards (pub £2 5s), 15s. 
Elliot Stock. 

A vast store of interesting and out*of-the-way information, acceptable to the 
lover of l)ooks. 

Antiquary {The), a Magazine devoted to the Study of 

the Past, complete set in 15 vols, 4I0, antique boards (pub £^ 
I2s6d), £1 15s. ElHot Stock. 

.\ perfect mine of interesting matter, for the use of the student, of the times of 
our forefathers, and their customs and h.ibits. 
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Chafers' Marks and Monograms on European and 

Oruntal Pottery and Porcelain, with Historical Notices of each 
Manufactory, preceded by an Introductory Essay on the Vasa 
Fictilia of the Greek, Romano- British, and Mediaeval Eras, 7th 
edition, revised and considerably augmented, with upwards of 
30C» potters' marks and illustratious, royal 8vo, cloth extra, gilt 
^op» L'^ '5s. London. 

Civil Costume of England, from the Conquest to the 
Present Time, drawn from Tapestries, Monumental Effigies, 
Illuminated MSS., by Charles Martin, Portraits, Otc, 61 full-page 
plates, royal 8vo, cloth (pub los 6d), 3s 6d. Bohn. 
In addition there are inserted at the end of the volume 25 plates illustrating 

Greek costume by T. Hope. 

Dyer (Thomas H., LL.D.) — Imitative Art, its Principles 
and Progress, with Preliminary Remarks on Beauty, Sublimity, 
and Taste, 8vo, cloth (pub 14s), 2s. Bell & Sons, 1882. 

Great Dia?nonds of the World, their History and 
Romance, Collected from Official, Private, and other Sources, 
by Edwin W. Streeler, edited and annotated by Joseph Hatton 
and A. H. Keane, 8vo, cloth (pub los 6d), 2s 6d. Bell & Sons. 

Hamilton's (Lady, the Mistress of Lord Nelson) Attitudes, 
illustrating in 25 full-page plates the great Heroes and Heroines of 
Anticjuity in their proper Costume, forming a useful study for 
drawmg from correct and chaste models of Grecian and Roman 
Sculpture, 4to, cloth (pub £\ is), 3s 6d. 

Jewitt {Lltiuellyn, KS.A.) — Half Hours among some 
English Antiquities, illustrated with 320 wood engravings, crown 
8vo, cloth gilt (pub (5s), 2s. Allen & Co. 



Contents : — Cromlechn, ImplementH of Flint and Stone, Bronze Implements 
among the Celts, Roman Roads, Temples, Altars, Sepulchral Inscriptions^ An- 
cient Pottery, Arms and Armour, Slabs and Brasses, Coins, Church Bells, Glas:^, 
Encaustic Tiles, I'apestry, Personal Ornaments, &c, &c. 

King {Ret\ C JV,) — Natural History of Gems and 
Decorative Stones, fine paper edition, post 8vo, cloth (pub los 6d), 

4s. Bell & Sons. 

" Contains so much information and of so varied a nature, as to make the 
work ... by far the best treatise on this branch of mineralogy we possess 
in this or any other language." — Atketueum, 

Leech's (John) Children of the Mobility, Drawn from 
Nature, a Series of Humorous Sketches of our Young Plebeians, 
including portrait of Leech, with Letter on the Author's Genius 
by John Ruskin, 4to, cloth, 1841 (pub 7s 6d), 3s 6d. Repro- 
duced 1875, Bentley & Son. 

Morel li (G.) — Italian Af asters in German Galleries, 
translated from the German by L. M. Richter, post 8vo, cloth 
(pub 8s 6d), 2s. Bell & Stms. 
*• Sigiior Morelli has created nothing less than a revolution in art-scholarship, 

and l>oih by precept and example has given a remarkable impulse to ?» uiid 

knowledge and independent opinion.' — Academy. 
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Exquisitely beautiful Works by Sir J, Noel Paion at a remctrkably 

lorwprice. 

PatorCs {Noel) Compositions from Shakespeare's Tempest^ 
a Series of Fifteen Large Outline Engravings illustrating the 
Great Drama of our National Poet, with descriptive letterpress, 
oblong folio, cloth (pub 2 Is), 3s. Chapman & Hall. 

Uniform with the al>ove, 

Pat Otis {Noel) Compositions from Shelley's Promet/ieus 
Unhoutid^ a Series of Twelve Large Outline Engravings, oblong 
folio, cloth {pub 2 is), 3s. Chapman & Hall. 

Smith (J. Moyr) — Ancient Greek Female Costume^ illus- 
trated by 112 Hne outline engravings and numerous smaller 
illustrations, with Explanatory Letterpress, and Descriptive 
Passages from the Works of Homer, Hcsioti, Herodotus, .iischy- 
lus, Euripides, and other Greek Authors, printed in brown, crown 
8vo, cloth elegant, red edges (pub 7s 6il), 3s. Sampson Low\ 

Bacon {Francis, Lord) — JForks, both English and Latin, 
with an Introductory Essay, Biographical and Critical, ami 
copious Indices, steel portrait, 2 vols, royal 8vo, cloth (originally 

pub £2 2s,) I2S. 1879. 
All his works are, for expression as well as thought, the glory of our nation, 
and of all later ages." — Shekfiklu, Duke of Buckinghamshire. 

"Lord Hacon was more and more known, and his books more and more 
delighted in ; so that those men who had more than ordinary- knowledge in 
human affairs, esteemed him one of the most capable spirits of that age." 

Bi/rn {R. Scott)— The Practical Directory for the ////- 

provcmeut of Lauded Property, Rural and Suburban, and the 
Economic Cultivation of its Farms (the most valuable work on 
the subject), plates and woodcuts, 2 vols, 410, cloth (pub f^% 3s), 
15s. Paterson. 

Afartineau {Harriet) — The History of British Rule in 
India, foolscap 8vo (356 pages), cloth (pub 2s 6d), gd. Smith, 
Elder, & Co. 

A concise sketch, which v\ill give the ordinary reader a general notion of 
what our Indian empire is, how we came by it, and what lias gone forward in it 
since it first became connected with England. The lx>ok will be found to state 
the broad facts of Anffio-Indian history in a clear and enlightening manner; anri 
it cannot fail to ^ive vahiabic information to those readers who have neither time 
nor inclination to study the larger works on the subject. 

Selkirk {J. Broiun) — Ef/iics and Esthetics of Modern 
Poetry, crown Svo, cloth ijilt (jnib 7s), 2s. Smith, Elder, & Co. 

Sketches from Shady Places, being Sketches from the 
Criminal and Lower Classes, by Thor Fredur, crown Svo, cloth 
(pub 6s), IS. Smith, Elder, & Co. 
" r)cscriptions of the criminal and semi-criminal nf "^uch a word may l>e coined) 

classes, which are full of powt-r, sometimes of a disagreeable kind." — Atfu'tKruiu. 

Southeys {Robert) Commonplace Book, the Four Series 
complete, edited by h.is Son-in-Law, I. W. Warter, 4 thick vols>, 
Svo, cloth (pub 42s), 14s. Longmans. 

Warren's {Samuel) Ten Thousand a Year, early edition, 
with Notes, 3 vols, i2mo, cloth (pub iSs), 4s 6d. Blackwood, 
1853- 
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Jones' {Professor 71 Rymer) General Outline of the Or- 
ganizathn of the Animal Kingiioffty ^XiA Manual of Comparative 
Anatomy, illustrated with 571 engravings, thick 8vo, half roan, 
gilt top (pub £^\ IIS 6d), 6s. Van Voorst. 

Jone^ {Professor T, Rymer) Natural History of Animals^ 
Lectures delivered before the Royal Institution of Great Britain, 
209 illustrations, 2 vols, post 8vo, cloth (pub 24s), 3s 6d. Van 
Voorst. 

Hunter's {Dr John) Essays on Natural History, Ana- 
tomy y Physiology, Psychology ^ and Geology, to which are added 
Lectures on the Hunterian Collection of Fossil Remains, edited 
by Professor Owen, portrait, 2 vols, 8vo, cloth (pub 32s), 5s. 
Van Voorst. 

Forestry and Forest Products — Prize Essays of the 

Edinburgh International Forestry Exhibition, 1884, edited by 
John Rattray, M.A., and Hugh Robert Mill, illustrated with 10 
plates and 21 woodcuts, 8vo, cloth (pub i6s), 5s. David Douglas. 

Comprises : — 

Brace's Formation and Management of Forest Tree Nurseries. 

The same, by Thomas Berwick. 

Stalk kk's Formation and Management of Plantations on different Sites, 
Altitudes, and Exposures. 

The same, by R. E. Hodson. 

Milne's Afforesting of Waste Land in Aberdeenshire by Means of the Planting 
Iron. 

Mac Lean's Culture of Trees on the Margin of Streams and Lochs in Scotland, 
with a View to the Preservation of the Banks and the Conservation of Fish. 

Cannon's Economical Pine Planting, with Remarks on Pine Nurseries and on 

Insects and Fungi destructive to Pines. 
Alexander on the Various Methods of Producing and Harvesting Cinchona 

Bark. 
Robertson on the Vegetation of Western Australia. 
Brace's Formation and Management of Eucalypus Plantations. 

Car rick's Present and Prospective Sources of the Timber Supplies of Great 
Britain. 

Oldrieve on the best Method of Maintaining the Supply of Teak, with Remarks 
on its Price, Size, and Quality ; and on the Best Substitutes for Building 
Purposes. 

On the same, by J. C. Kemp. 

Alexander's Notes on the Ravages of Tree and Timber Destroying Insects. 

Webster's Manufacture and Uses of Charcoal. 

Boulger's Bye-Products, Utilisation of Coppice and of Branches and other 
Fragments of Forest Produce, with the View of Diminishing Waste. 

Stonhill's Paper Pulp from Wood, Straw, and other Fibres in the Past and 

Present. 
Green's Production of Wood Pulp. 

T. Anderson Reid's Preparation of Wood Pulp by the Soda Process. 
Cross and Bevan's Report on Wood Pulp Processes. 

Vosmida's Lacquer {Urushi)^ Description, Cultivation, and Treatment of the 
Tree, the Chemistry of its Juice, and its Industrial Applications. 
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Johnston's (W. & A. K.) Instructive Series .— 

Scientific Industries Explained^ showing how some of the 
im|Kjrtani Articles of Commerce are made, by Alexander Walt, 
F.R.S.S.A-, First Series, containing Articles on Aniline Colours, 
Pigments, Soap-making, Candle-making, Paper-making, Gun- 
powder, Glass, Alcohol, Beer, Acids, Alkalies, Phosphorus, 
Bleaching Powder, Inks, Vin^jar-making, Acetic Acid, Fireworks, 
Coloureil Fires, Gun-cotton, Distillation, &c. A:c., crown 8vo, cloth 
(pub 2s6<l), Is. 

" Mr Wait discour>es of aniline pitnnents and dyes ; of candles and paper ; of 
cunpowder and gla-ss ; of inks and vinegar : of fireworks and gun-cotton ; . . . 
excursions oxer the whole field of applied science ; . . one of the b(^t is thai 
on 'gilding waich-movemcnts. A systematic arrangement of the subjects* has 
J>een purpo>cly avoided, in order that the work may be regarded aj» a means of 
intellectual recreation." — Academy. 

Scientific Industries Explained, Second Series, containing 

Articles on Electric Lijjht, Gases, Cheese, Preser\-aiion of Food, 
Borax, Scientific Agriculture, Oils, Isinglass, Tanning, Nickel- 
plating, Cements and Glues, Tartaric Acid, Stained Glass, Arti- 
ficial Manures, Vulcanised India-rublxjr, Ozone, Galvanic Batteries, 
Magnesia, The Telephone, Elect rotyping, &c. die, with illustra- 
tions, crown 8vo, cloth (pub 2s 6d), is. 

Mechanical Industries Explained, showing how many 
useful Arts are practised, with illustrations, by Alexander Watt, 
containing articles on Carving Irish Bog-oak, Etching, Galvanised 
Iron, Cutlery, Goldbeating, Bookbinding, Lithography, Jewellery, 
Crayons, Balloons, Needles, Lapidary, Ironfounding, Pottery and 
Porcelain, Typefounding, Bread -making. Bronze-casting, Tile- 
making, Ormolu, Papier-mache, &c. &c., crown 8vo, cloth (pub 
25 6d), IS. 

"It would form a useful present for any boy with mechanical tastes." 

Engineer, 

Science in a Nut-Shell, in which rational Amusement is 

blended with Instruction, with numerous illustrations, by Alex- 
ander Wall, crown 8vo, illustrated lx>ards (pub is), 6d. 

C<>NTENTS :— Absorption of Carbonic Acid by Plants. — The Air-Pump. 

Ainalganis. — To Produce Artificial Ices. — Attraction : Capillary Attntctiou. 

Carbon. — Carmine. — How to Make Charcoal. — To Prepare Chlorine. — Contrac- 
tion of Water— Cr>'.stalli>iat ion. — Distillation. — Effect of Carbonic .Acid on Animal 
Life. — Electricity. — Evaporation, — Expansion bv Heat, itc. — Heat. — Hydrogen 
Gas. — Light. — 'lo Prepare Oxygen. — rhotoyrapnic Printing. — How to Slake a 
Fountain. — Refractive Power of Liquids. — kcfrigcration. — Ri:pulsiou. — Solar 
Spectrum. — Specific Gravity Explained. — Structure of Cr>-stals — Sympathetic 
Ink, ovc. &c. 
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Stewarfs (Dugald) Collected IVorks, best edition, edited 

by Sir William Hamilton, with numerous Moles and Emendations, 
II handsome vols, Svo, cloth (pub £6 12s), the few remaining 
sets for £2 I OS. T. He T. Clark. 

Elements of the Philosophy of the Human Mind, 3 vols, 

8vo, cloth (pub £1 1 6s), 8s 6d. 
Philosophy of the Active Powers, 2 vols, Svo, cloth (pub 

£1 4s), 6s 6d. 
Principles of Political Ecofioiny, 2 vols, Svo, cloth (pub 

£1 4s), 5s. 

" As the names of Thomas Rcid, of Dugaltl Stewart, and of Sir William Hamil- 
ton will be associ.iied hereafter in the history of Philosophy in Scotland, as 
closely as those of Xenophanes, Parmenidcs, and Zcno in the School of tlea, it 
is a singular fortune that Sir William Hamilton should l>e the collector and 
editor of the works of his prcdecc>sors. . , , The chair which he filled 
for many years, not othe»wi^^ undistinguished, he rendered illustrious." — 
Atluncntm. 

Dante — The Divina Com media, translated into English 
Verse by James Ford, A.M., medallion frontispiece, 430 pages, 
crown 8vo, cloth, bevelled boards (pub 12s), 2s 6d. bniiih, 

Elder, t't Co. 

" Mr Ford has succeeded better than might have been expected ; his rhymes 
are good, and his translation deserves praise for its accuracy and fidelity. We 
cannot refrain from acknowledging the many good qualities of Mr Ford's trans- 
lation, and his lalx>ur of love will not have been in vain, if he is able to induce 
those who enjoy true poetry to study once more the masterpiece of that literature 
from whence the great founders of English poetry drew so much of their sweet- 
ness and power." — Atkefueuin. 

Polloks {Robert) The Course of Time, a Poem, beauti- 
fully printed edition, with portrait and numerous illustrations, 
i2mo, 6d. Blackwood & Sons. 
" 'The Course of Time' is a very extraordinary poem, vast in its conception, 

vast in its plan, vast in its materials, and vast, if very far from perfect, in its 

achievement." — D. M. Moik. 

Monthly Interpreter, a Nciv Expository Magazine, edited 
by the Rev. Joseph S. Exell, M.A., joint-editor of the ** Pulpit 
Commentary," &c., complete from the commencement to its close, 
4 vols, Svo, cloth (pub ^ I los), los 6d. T. & T. Clark. 

Vols. 1, 3, 4, separately, 2s each. 
The aim of The Monthly Interpreter is to meet in some adequate way the 
wants of the present-day student of the Bible, by furnishing him in a convenient 
and accessible form with what is being said and done by the ablest British, Ameri- 
can, and foreign theologians, thinkers, and Biblical critic:*, in matters Biblical, 
theological, scientific, philosophical, and social. 

Parker's {Dr Joseph, of the City Temple) Weaver Stephen ; 

or, The Odds and Evens of English Religion, 8vo, cloth (jnil) 

7s 6d), 3s 6d. Sonnenschein. 

" Dr P.-xrker is no repeater of old remarks, nor is he a superfluous commentator 
His track is his own, and the jewels which he lets fall in his progress are from 
his own casks ; this will give a permanent value to his works, when the produc- 
tions of copyists will be forgotten." — C H. Si'UKGeo.n. 

Skene {IVilliam F,, LL.D,, Historiographer- Royal for 
Scotlanil) — The Gospel History for the Young, being Lessons on the 
Life of Christ, adapted for use in Families and in Sunday Schools, 
3 maps, 3 vols, crown Svo, cloth (pub 15s), 6s. Douglas. 
** In a spirit altogether unscctarian provides for the young a simple, interest- 
ing, and thoroughly charming history of our Lord." — Literary H'orid. 

'• The • Gospel History for the Young ' is one of the most valuable books of 
the kind."- Tht Churchman. 
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By the Authoress of ^^ The Lattd o* the Leai:' £ s. d. 

Nairne*s (Baroness) Life and Songrs, with a 

Memoir, and Poems of Caroline Oliphant the Younger, etlited 
by Dr Charles Refers, portrait and other ilhistraiions, crown 
8vo, cloth (pub 5s) Grifiin 026 

" This publication is a ^ood service to the memory of an excellent and gifted 
lady, and to all lovers of bcottish Song." — Scotsman. 

Ossian's Poems, translated by Macpherson, 

24mo, l>est red cloth, gilt (pub 2s 6d) _ I 6 

A dainty pocket edition. 

Perthshire— Woods, Forests, and Estates oi 

Perthshire, with Sketches of the Principal Families of the 
County, by Thomas Hunter, Editor of the Perthshire Consti- 
tutiotnil and Journal y illustrated with jo ivooJ engraz'in^s^ 
ciown 8vo (564 pp), cloth (pub I2s 6d) Perth 046 

"Altogether a choice and most valuable addition to the County Hi:>rories of 
Scotland. " — Clasg<nv Daily Mail. 

Duncan (John, Scotch Weayer and Botanist) 

— Life of, with Sketches of his Friends and Notices of the 
Times, by \Vm. Jolly, F.R.S.E., II. M. Inspector of Schools, 
etched portrait^ crown 8vo, cloth (pub 9s) Kegan Paul O 3 6 

"We must refer the reader to the book itself for the many quaint traits of 
character, and the minute personal descriptions, which, taken together, seem to 
give a life-like presentation of this humble philosopher. . . , The many inci- 
dental notices which the work contains of the weaver caste, the workman's 
tsj^rit dt corf's, and his wanderings about the counir\% either in tlie performance 
of his work or, when that was slack, taking a;hand at tne harvest, form an interest- 
ing chapter of social history-. The completeness of the work is considerably 
enhanced by detailed descriptions of the district he lived in, and of his numerous 
friends and aajuaintance." — Athcti*eufn. 

Scots (Ancient)— An Examination of the An- 
cient Histor)- of Ireland and Iceland, in so far as it concerns 
the Origin of the Scots ; Ireland not the llibernia of the 
Ancients ; Interjx)lations in Bede's Ecclesiastical History and 
other Ancient Annals affecting the Early History of Scotland 
and Ireland — the three Essays in one volume, crown 8vo, cloth 
(pub 4s) Edinburgh, 1883 o I 

The first of the above treatises is mainly taken up with an investigation of the 
early Historj- of Irelaiui and Iceland, in order to aNcertain which has the better 
claim to be considered the original country of the Scots, In the second and 
third an attempt i<> made to show that Iceland was the ancient Hibeniia, and 
the country- from which the Scots came to Scotland ; and further, contain a 
review of the evidence furnished by the more genuine of the early British Annals 
against the idea that Ireland was the ancient Scuti-^. 

Traditional Ballad Airs, chiefly of the North- 
Eastern Districts of Scotland, from Copies 

gathcrcil in the Counties of Aberdeen, Banff, and Moray, by 
Dean Christie, and William Christie, Monquhilter, with the 
Words for Singing and the Music arranged for the Pianoforte 
and Harmonium, illustrated with Notes, giving an Account of 
both Words and Music, their Origin, &c., 2 handsome vols, 
4to, half citron morocco, gilt top, originally published at 
£^ 45 by Edmonston c\: Douglas, rcducetl to I 10 O 
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